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Preface

With the alarming increase in the number of services provided and with the
growing trend of miniaturisation in full swing the need for multi band compact
antennas is on a rise. The development of microstrip and other related designs have
increased the interest of designers towards these structures and consequently the
planar designs replaced the conventional wire antennas. But the present day
communication applications require compact and ultra wide band designs which
cannot be catered by simple microstrip based designs. PIFAs have solved the
problem to some extend, but the field of antennas needs more innovative designs.

In this thesis the design and development of compact planner antenna are
presented. Emphasis is given to the design of the feed as well as the radiator
resulting in simple compact uniplanar geometries. The Asymmetric coplanar
feed used to excite the antennas is found to be a suitable choice for feeding

compact antennas.

The main objectives covered in the thesis are:

The design of compact uniplanar antennas by the effective

miniaturization of antenna elements
= |solation of the best feed for use in compact antennas

= Design of compact single, dual and multi band antennas with uniplanar
structure and extension of the design for practical GSM/WLAN

applications

= Design of Ultra compact antennas using the above techniques and
extension of the design to antennas for practical applications like
RFID/DVB-H.



All the above objectives are thoroughly studied. Antennas with ultra
compact dimensions are obtained as a result of the study. Simple equations are
provided to design antennas with the required characteristics. The design

equations are verified by designing different antennas for different applications.
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Ciaprer 1
INTRODUCTION

1.1 Introduction
1.2 Evolution and History
1.3 The State of Art Technologies

1.4 Motivation of the work

Contents

15 Organisation of the Thesis

The chapter provides a brief overview of the field of antennas. A brief
recollection of the contributions by various eminent researchers to the field of
microwaves and antennas is depicted. This is followed by the discussion of
various techniques and state of art innovations in the field of planar antennas
with related literatures in this field. The chapter also presents the motivation of

the Thesis and its organization.

1.1 Introduction

Antennas are indispensable component of any wireless communication
device. Thus they are the inevitable component for creating the so called
“wireless human network”. An antenna is a transducer between the transmitter
and the free space waves and vice versa. They efficiently transfer

electromagnetic energy from atransmission line into free space.
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1.2 Evolution and History

Much boom in the field of electromagnetics, microwaves and antennas -
al started with the arguments about the electromagnetic nature of light. The
initial foundations were laid by James Clark Maxwell who unified the theories
of electricity and magnetism in 1873 [1] and eloquently represented the
relations through a set of profound equations best known as “Maxwell’s
Equations’. He showed that light is electromagnetic in nature and both light
and electromagnetic waves travel with the same velocity. Maxewell’ s theories

were supported by the brilliant experiments of Heinrich Hertz in 1888 [2, 3].

It was Guglielmo Marconi who was the first to commercially use “Air
waves’ for practica communication in 1897 [4]. He started the first commercial
transatlantic wireless communication using radio waves with the help of the
large antennas constructed by him in 1901.

Meanwhile Jagadish Chandra Bose a talented Indian Scientist started
studies in millimeter waves. He used waveguides, horn antennas, dielectric
lenses, various polarisers and even semiconductors for his studies. It is
interesting to note that a 1.3 mm multi-beam receiver now in use in the NRAO
12 Metre Telescope, Arizona, U.S.A. incorporates his concepts 100 years
back ![ 5-7].

Karl Jansky of the Bell Labortaries was the first to discover
extraterrestrial radio waves using huge antennas designed by him and he is
called the “ Father of radio astronomy”[8].

These experiments were followed by numerous inventions by scientists
and engineers from different parts of the world. The Yagi — Uda antenna is one
of the remarkable findings of that period [9].
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World War Il gave a tremendous push to antenna and radar research.
Much of the work remained classified as those were associated with military
and defense. Large reflector antennas were built for communications, radar, and
radio astronomy. Founded on the developments of World War Il and driven by
cold war programs, the technology for phased arrays and satellite antennas was
refined and realized in several versions. The understanding of array effects was
greatly advanced, and the fundamental ideas of adaptive arrays were put into
practice. [10 -12]

Another significant development was the introduction of microstrip
antennas by Deschamps in 1953[13]. But it took around twenty years for the
practical and large scale development of these antennas.

The twentieth century witnessed remarkable and unbelievable progress in
antenna technology from the large transceivers used by Marconi to the sub
wavelength antennas with dimensions of the order of fraction of wavelength.
Another remarkable development during this period is the birth of smart and active
arrays[14 -17].

1.3 The State of Art Technologies
This thesis concentrates on the design and development of compact planar

antennas. So a brief account of the various planar antenna designs and their

methodology is outlined in this section.

Table 1.1 shows the commonly used communication frequencies based on
FCC and ITU regulations [18, 19]. The antennas presented in this thesis the

design are mainly concentrated in the above bands.

The succeeding section gives a brief account of the various state of art

planar antennas.
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Table 1.1 Commonly used communication frequencies

communication

Name Service Allocated Band
RFID Radio Frequency identification 865 - 868 MHz,
2.446 -2.454 GHz

DVB-H Digital video Broadcasting - 470 MHz — 702 MHz
Handheld

GSM 900 Global system for mobile 890 MHz -960 MHz

DCS 1800 Digital communication system 1710 MHz-1880 MHz

GPS 1200 o 1227-1575 MHz

GPS 1575 Global Posttioning System 1565-1585 MHz

PCS 1900 Personal Communication 1850-1990 MHz
System

3G International Mobile

IMT-2000 Telecommuni cation-2000 1885-2200 MHz
Universal Mobile

UMTS 2000 Telecommunications Systems 1920-2170 MHz

ISM 2.4 2400-2484 MHz

ISM 5.2 Industrial, scientific, medical 5150-5350 MHz

ISM 5.8 5725-5825 MHz

UWB Ultrawide band 3.1-10.6 GHz

1.3.1 Microstrip Antennas

The practical realization of microstrip antennas in the 1970’s gave a
boost to planar antenna research owing excellent characteristics and low
profile of the antenna. The typical geometry of a Microstrip antenna consists
of radiating metallic patch and a larger ground plane etched on either sides
of a substrate having a fixed dielectric constant and thickness (fig.1.1). The
length of the patch is typically about one half of the dielectric wavelength

corresponding to the resonant frequency [20,21].
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The substrate material has large influence in determining the size and
bandwidth of an antenna. Increasing the dielectric constant decreases the size
but lowers the bandwidth and efficiency of the antenna while decreasing the

dielectric constant increases the bandwidth but with an increasein size.

Patch

Signal Strip

Substrate &

Ground plane

Fig. 1.1 Microstrip Patch antenna

The major reason for the widespread replacement of wire antennas and
related designs by the microstrip based configurations is its low profile, light
weight nature, conformability to planar and non planar structures and ease of
fabrication [22,23]. The ease of integration of MMICs and other active elements
is also an added advantage.

But microstrip antennas posses certain disadvantages also. One of the
demerits of microstrip antenna is its inherently narrow bandwidth and high Q.
This may be reduced by increasing the thickness of the dielectric substrate but
only at the cost of decrease in efficiency owing to increase in surface waves [24
, 25]. Another disadvantage is its unipolar radiation characteristic [26 -27]. This

barsits usein omni directional radiation applications.
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Many studies have been performed to nullify the disadvantages of
microstrip antennas. The surface waves in microstrip antennas can be reduced
by using cavities as proposed by Mailloux et al [28].

Stacking [29], Aperture coupling [30], Proximity coupling [31] ,Slot
coupling [32], addition of parasitic elements [33], use of different feed
geometries and dlots [34-38] etc are some of the techniques for bandwidth
enhancement in microstrip antennas.

The advent of exciting multiple bands using a single antenna fostered the
development of dual and multi band microstrip antennas. Many techniques have
been proposed to excite dual and multiple bands in microstrip antenna. They
include the insertion of shorting pins [39], dlots [40] etc. Many designs for
producing circularly polarized radiation have also been developed [41].

Even with these modifications the achieved bandwidth of these antennas
isstill low and they still exhibit unipolar radiation. This defect can be mitigated
by the use of truncated ground plane structures [42]. This is discussed in the

following section.
1.3.2 Microstrip fed antennas with Truncated ground plane structure

These antennas may be considered as the planar realization of the
conventional vertical monopole antennas on a large ground plane. Truncated
microstrip configurations are designed by removing a part of the ground
plane at the far end of the feed region along the length of the patch (fig.1.2).
The signal strip extends beyond the length of the ground plane and the
configuration acts similarly as a monopole above a ground plane. The
antenna is a quarter wavelength radiator and is hence compact. This

configuration reduces the Q of the structure.
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The main attractions of truncated ground plane structures are their
monopole like radiation characteristics and large band width. The bandwidth of
these antennas can be further increased by loading an arbitrary shape on the
monopole. The band widths of these antennas are large, capable of easily

covering the conventional communication bands [43, 44].

It is also reported that by properly truncating the ground plane width, an
additional resonance near the fundamental mode can be excited which can be

merged with the fundamental mode to yield more band width [45].

Many interesting dual band and multi band designs have also been
developed using truncated microstrip configurations [46 — 50].

Arbitrary
shaped patch

Truncated Ground
plane on the other side

Microstrip feed line

Fig.1.2 An arbitrary patch loaded on a monopole fed by a microstrip with
atruncated ground plane

The alocation of the 3.1 GHz to 10.6 GHz band for commercia ultra
wide band communications ignited more interest in truncated ground plane
structures due to their inherently large band width. Many UWB designs using

this geometry have been reported [51-54].
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Even though the above mentioned antennas have good reflection and
radiation characteristics, these antennas require the careful design of both the
ground plane and the radiating structure. Also vias are required for the
integration of active devices and MMICs. This has created a greater interest for
the design of uniplanar antennas. Uniplanar antennas can be conveniently
designed on the single side of a substrate, which makes fabrication and
integration of active devices easy. The most widely used uniplanar antennas are

the coplanar wave guide fed designs.
1.3.3 Coplanar Waveguide fed (CPW)Antennas

The coplanar wave guide consists of a central signa strip bounded by
twin lateral ground strips separated by a small gap. The entire structure can be
printed on the single side of a substrate. A typical monopole fed by the CPW
feedisgiveninfig.1.3.

Patch

nd plane

Fig.1.3. Coplanar wave guide fed octagon shaped antenna

Different types of CPW fed designs including single band [55,56] and multi
band [57] antennas have been reported in literature.
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The microstrip line and the coplanar wave guide are the commonly used
transmission lines to transfer power from the power source to the antenna
Based on the challenges and constraints before the designer various interesting
modified designs of these transmission lines have been proposed. They include

the dotline, Coplanar strips, Asymmetric coplanar waveguide etc [58].

All the above mentioned antennas are half wavelength or quarter
wavelength structures. The insertion of these antennas into modern
communication devices requires them to be more compact. Various techniques
have been proposed to achieve this goa. The use of Photonic Band gap
structures, metamaterials and fractal based geometries are most common.

1.3.4 Photonic Band Gap (PBG) structures

The "Photonic Band Gap" (PBG) structures present a very useful feature;
they do not allow the propagation of any electromagnetic wave in a frequency

range for certain space directions [59, 60].

To enhance the bandwidth in microstrip based structures, methods like
increasing the height of the substrate have been proposed. But this method leads
to increased surface waves which extract power from the direct radiation
degrading the pattern and the efficiency of the antenna. In order to avoid this
effect, a PBG structure can be used. The PBG backed microstrip antenna exibit
improved antenna efficiency, low side lobe level and and high antenna gain by

reducing the surface wave propagation.

Photonic band gap structures are also used to increase the gain or
bandwidth of compact planar antenna designs. Various designs of PBG
Structures for bandwidth enhancement, size reduction, suppression of unwanted

harmonics, reduction of cross polarization etc can be found in literature [61-64].
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1.3.5 Metamaterial based antennas designs

Another innovation that is bringing drastic changes in the field of
electromagnetics is the introduction of metamaterials. Even though the first
metamaterials were devel oped in the 1940s, widespread research started only in the
1990s. V.G Vesdago proposed that materias with smultaneoudy negative
permittivity and permeability are physically permissible and possess a negative
index of refraction [65]. He termed these as Left-Handed Media (LHM), because
the vectorsE, H, and k form a left-handed triplet instead of a right-handed triplet,
asisthe case in conventional, Right-Handed Media (RHM).

Recently, novel electromagnetic metamaterials have been successfully
demonstrated whereby the permittivity and permeability functions are made to
be simultaneously negative using an array of resonant cells consisting of thin
wire strips and Split-Ring Resonators (SRRS) [66,67].

Materials with such characteristics could enable unprecedented levels of

miniaturization of antennas, filters and other devices [68 -70]
1.3.6 Fractal geometry based antenna designs

The term fractal means broken or irregular fragments. Fractals are
complex geometric designs that repeat themselves, or their statistical properties
on many scales, and are thus “self similar.” The self similarity properties of
fractals make them especially suitable for designing multiband antennas. Some
fractals have complex, highly convoluted shapes that can enhance radiation
when used as antennas. Fractals can improve the performance of antenna or
antenna arrays. In antenna design, the use of fractal shapes makes the
operational frequency of an antenna, independent of its scale. This means that a
fractal antenna can be constructed in small sizes, yet possessing a broad

frequency range with enhancement in bandwidth and gain [71, 72].

10
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Fractals geometries like such as Koch curves, Sierpinski triangles and
Minkowski fractals etc, have been used to design compact antennas and arrays

for multiband, broadband and ultra wide band applications [73 - 80].

Even though severa techniques as mentioned above can be found in
literature, the practically used antennas are quite different from them. A few

types of the practically used antennas are discussed in the following section.
1.3.7 PILA/PIFA designs

The aarming increase in the number of mobile users and the diversity of
services offered in addition to voice communication has created greater demand
for multi band antennas. Many innovative designs by modifying microstrip
configuration [81], coplanar wave guide fed design [82] etc have been reported
for enhancing bandwidth and producing multibands. But the above designs are
not much compatable to the size of a typical handset.. As the size of handheld
devices started decreasing, innovative designs like the Planar inverted-L
antenna (PILA) and planar inverted F antenna (PIFA) were found to be

promising aternatives to replace the external monopoles.

The Inverted L antenna (ILA) was first devised. The ILA is an end-fed
short monopole with a horizontal wire element placed on top that acts as a
capacitive load. The design of the ILA has a simple layout making it cost
efficient [83-85]. Considering the radiation properties, the ILA have advantages
over those of the monopole antenna by radiating in both polarizations. But the
bandwidth is low.

To increase the band width, the Planar inverted-F antenna (PIFA) which
adds a second inverted-L section to the end of a PILA was introduced (Fig.

11
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1.4). The additional inverted-L segment also introduces a convenient tuning
option for a second band and greatly improves the antenna usability.

Fig.1.4.Typical structure of a PIFA

The basic PIFA structure is shown in fig.1.4. The PIFA (a “grounded”
patch antenna - A/4 patch instead of the conventional A/2) consists of a ground
plane, a top plate element, a feed wire feeding the resonating top plate, and a
shorting plate that is connecting the ground and the top plate at one end of the

resonating patch [86,87]. The PIFA is widely used in nowadays mobile
handheld devices.

The photograph of atypical PIFA in amaobile phoneis shown in fig.1.5.

Fig.1.5. Typical PIFA in amobile phone Courtesy — Ericsson mobile

12
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PIFAs still suffer from inherently narrow bandwidth. Several techniques
such as changing feed type [88], modifying the ground plane [89] etc have been
devised to mitigate this limitation.

The multi-banding techniques in PIFAs includes the insertion of dlits,
stacking etc [90,91]. These techniques have been successfully implemented in
practical cases.

1.3.8 Dielectric Resonator based designs

The dielectric resonators have been in existence for amost 25 years, and
over that time a great dea of research has been performed in this field. The
most attractive feature of dielectric resonators are their inherently low loss
behaviour due to the absence of conducting materials which eliminate ohmic
losses [92]. Dielectric resonators are useful in communication devices like
filters, low noise oscillators, and other circuits [93]. They are highly sought

after candidates in space applications and in other wireless gadgets now a days.

Didectric resonator antennas (DRAS) are miniaturized antennas of ceramics
or another didectric medium for microwave frequencies. Their radiation
characteristics are a function of the mode of operation excited in the DRA. The
mode is generally chosen based upon the operationa requirement. Dielectric
resonator antennas offer several advantages over other antennas, such as small size,
high radiation efficiency, and smplified coupling schemes for various transmission
lines. The bandwidth can be controlled over a wide range by the choice of
didectric constant, and the geometric parameters of the resonator. Designs for
increased bandwidth, circular polarization, varying radiation patterns, and for use
in arrays have all been demonstrated [94 — 98]. Didlectric resonator antennas can
also be made in low profile configurations, making them more aesthetically
pleasing than standard whip, helical, or other upright antennas.
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1.3.9 Ultrawide band antennas

UWB antennas are gaining widespread popularity because of their various
superior qualities [99-101]. According to the definition of the Federal
Communications Commission, a UWB device has a fractional bandwidth that is
greater than 0.2, or occupies 500 MHz or more of the frequency spectrum,
regardless of the fractional bandwidth.The release of an extremely wide spectrum
of 3.1-10.6 GHz for emerging commercial microwave UWB applications [102]
has greatly spurred the research and development of microwave ultra wideband
(UWB) technology for communications, imaging, radar, and localization
applications. Henceforth, many techniques to broaden the impedance bandwidth
of small antennas and to optimize the characteristics of the broadband antennas
have been widely investigated.

The performance of UWB short-pulse systems is superior to that of
narrowband systems in multipath environments, because a UWB short pulse
allows the retuned from distinct scatterers to be distinguished by using time
delay. Many studies have been performed in the design, development and

measurement of UWB antennas [103-107].

The ultra wide band antenna designs may be broadly divided as Traveling
wave structures like Vivaldi antenna [108,109], Frequency independent
structures like the biconical antenna or the bowtie Antenna [110,111], Self-
complementary antennas that are characterized by a self-complementary
metallization like the logarithmic spiral antenna and fractal antennas [112-
114], combinations of the above like the log periodic antenna [115-117] and
the electrically small antennas which includes the modified monopoles [118-
126]. New designs with frequency notch in the existing WLAN bands in the 5-6
GHz range have also been reported [127,130].
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A few typical UWB monopole designs are given in fig.1.6.

Dielectric
Substrate

- I - (a]
| (c) I (d)

Fig.1.6. Various monopole configuration for ultra wide band applications

Ground Plane
Under Substrate

(b)

1.3.10 LTCC based antenna designs

Low-temperature Co-fired ceramics (LTCC) provides a module
technology capable of dramatic volume savings over individual integrated
circuit (IC) mounting, by stacking several ceramic substrates each only
several pm thick and building-in passive components like resistors,
capacitors, inductors etc. LTCC makes it possible to pack the filters and
other components used in a mobile phone into a package having dimensions

of only afew mm?3[131].

LTCC technology is based on sintering of multi-layered thick-film sheets
(50-250 um) or so-called green tapes, which are screen-printed with thick-film
pastes of conductors, resistors, etc. Many ultra compact antenna designs have
been reported using LTCC technology proving it as viable alternative to the

conventional miniaturization techniques [132-134].
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1.3.11 Mobile phone antenna designs

The mobile phone industry is one of the challenging fields for antenna
designers. The trend in cellular-phone technology in the recent years is to
dramatically decrease the size and the weight of the handset, forcing designers

to come up with highly compact designs.

In the infancy stage (1984), the typical portable cellular phone was
nearly 600 cc in volume, and about 850 g in weight. In 2009, cellular handsets
having a volume of less than 40 cc and a weight of less than 40 g appeared
which is still decreasing rapidly. This remarkable reduction in weight and
volume has necessitated a rapid evolution of the antennas used for the
handsets. Accordingly, antenna designers encountered difficulty in designing
antennas that could maintain their performance unchanged with smaller

antennasize [135].

In designing antennas for small mobile terminals, the prime
considerations to  be taken into account are small size, light weight, compact
structure, low profile, robustness, and flexibility. In addition to these, durability
against the user’s rough handling and environmental conditions should also be

taken into account.

Morishita et al has divided the development of mobile phone antennas
into three stages [136].

In the first stage, between 1950 and 1960, the antennas used in small
portable equipment were mostly a simple monopole of about quarter
wavelength. A monopole was usually mounted on the top of the equipment
case. Since the case was made of metal in those days, it was s considered as a

ground plane. By taking the image of the antenna element into account, the
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model was treated as a half-wave dipole. Thus, no particular attention was paid
to designing this sort of antenna at that time, and just a quarter-wavelength
element was used. Wire monopoles and helical antennas were the typica

candidates.

In the second stage, the antenna-design concept had advanced to include
the case in the antenna system, as a part of the radiator. The antenna composed
of a M4 monopole and the conductive casing was now modelled as an
asymmetric dipole, being composed of along and thin element on one side and
a short and thick element on the other side [137]. As a consequence, this

antenna system is treated as a parallel combination of a two-dipole system.

In the third stage - from the 1980s to the present - the downsizing of mobile
terminals made remarkable progress and, accordingly, the size of the antennas -
except for monopole elements -was aso forced to be made smaller. The down-
sizing of mobile terminas is beneficid for users, However, it is a serious problem
for antenna designers, as the antenna design should be such that the antenna's
performance should remain unchanged, even though the antenna's size becomes
smaler.In this case “the equipment case” is replaced by “conducting materias’
existing in the equipment, because admost all of the equipment cases these days are
made of plagtics, not of metals, and it is the “conducting materials’ existing in the
equipment that act as a radiator, instead of the equipment case. The typical
conducting material in the equipment is a rectangular shielding plate or box, where
RF and other circuits are included. Usually a built-in antenna element is placed on

this plate or box, and it acts as a ground plane.

As a ground plane performs as a part of a radiator, when a small antenna
element is placed on it and induces currents on it, the antenna’ s size is enlarged
and, hence, the antenna's performance is enhanced. The gain and bandwidth
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may be increased, although this depends on the size of the ground plane and the
type of the antenna. A typical example would be the PIFA [138].

It has to be noted that there are both advantages and disadvantages in
utilizing currents on the ground plane inside mobile terminals. The advantage is
the enhancement of antenna performance. To the contrary, the disadvantage is
the degradation in the performance due to the effect of adjacent materials,
including the human body. In fact, more than 6 dB gain degradation has been
observed in the talk position of mobile phones, mainly due to the effect of a
user’s hand. A hand holding a handset varies the currents on the ground plane,
and thus the impedance and resonant frequency degrading the antenna gain and
efficiency. The human head, when the handset is in atalk position, also varies
antenna performance in the same way as does the hand. A decrease in the
antenna’s gain is also caused by both the hand and the head, which absorb
radiation power. Severa papers have been reported on human body effects on
mobile phone handset antenna performance[ 139].

Another disadvantage is the possible increase of SAR [specific absorption
rate] values in the human head. With the increase in the current distribution on
the ground plane inside the handsets, the radiation toward the human head may
increase, and so would the SAR. To reduce the undesired radiation toward the
human head, the appropriate selection of antenna type, the feed, and mounting
of the antenna element on the equipment, are all seriously considered [140,141].

1.3.12 DVB-H antenna designs

Television was the only service missing from mobile phones until
recently. But this deficit has also been cleared recently with the innovation of

DVB-H services.
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DVB-H gtands for Digital Video Broadcast - Hand held. DVB-H comprises
not only televison broadcasting, but it is more like data broadcasting for many
users through a single service. It makes possible to view movies, news, music,
weather forecasts and other public services. DVB-H system uses the frequency
band 470-702 MHz. So, the relative bandwidth is very large. Compared to
terrestrial transmisson, DVB-T (Digital Video Broadcast-Terrestria), DVB-H

brings more flexibility, which alows its use in portable devices.

The introduction of DVB-H services via mobile phones has brought
immense challenge to antenna engineers [142]. The antenna has to be compact
and should be integrated inside the limited space available in a mobile phone.
Also it should work at comparatively lower frequencies in the 470 — 702 MHz
range with better reflection and radiation characteristics. Many designs have

been reported in literature.

Yang Kang et a [143] proposed a reconfigurable compact antenna tuned by
a multi-states matching network, consisting of switches, capacitors and inductors.
By sdlecting suitable lumped components, the antenna can be dynamically tuned to
different resonance frequencies, so that these separate frequency bands combine to
cover the DVBH band.

Many related designs using parasitic patches and folded structures have
been reported in literature [144-145]. But the trend of miniaturization is forcing

designersto go for further ultra compact designs.

In addition to the above designs, many innovative designs for different
applications have aso been developed. Printed dipoles and printed Yagi
antennas [146 - 151] are certain examples. Also the developments in the field of

RFIDs have led to greater needs for many compact antennas [152-155].
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1.4 Motivation of the work

As the process of miniaturisation of devices is in full swing, antennas
cannot remain as standalone devices. Compact designs have to be implemented
to cope with the demands of the industry. The main target of designers is the
radiating patch. Several techniques like folding, meandering etc are normally

performed to decrease the overall size of the antenna.

While designers give much importance to the radiator, the feed region of
even the most compact designs still remains untouched. The overall area of an
antenna depends on the size of both the radiating element and the feed. The aim
of the thesis is the design of compact antennas by effective miniaturisation of
the feed as well as the radiating structure. The overall design complexity of the

antenna al so needs to be reduced for its effective use in adevice.

A smple coplanar waveguide fed strip monopole is taken for the initia
study. The coplanar wave guide feed is replaced by a suitable feed —The
Asymmetric Coplanar Strip feed - to design an antenna occupying less than 50% of
the origind area, retaining al advantages of the predecessor.Fig.1.7 shows the
Asymmetric Coplanar Strip (ACS) and the Coplanar Waveguide (CPW) feeds.

Coplanar Wave Guide Asymmetric Coplanar Strip

Fig.1.7. The coplanar wave guide and the asymmetric coplanar strip
transmission line
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A thorough study is performed using the ACS fed monopole by comparing it
with that of a coplanar waveguide fed monopole. After exhaustive smulation and
experimenta studies, it is proved that the ACS fed antenna retains al the
advantages of the CPW fed antenna aong with more compactness.

To prove the capability of using the ACS as an effective feed for dua band
and multi band antennas, an F shaped dua band antenna and an inverted C shaped
multi band antenna are designed and studied. All the studies provide good and
encouraging results. Compact uniplanar antennas of dimensions of the order of Ay4/4
X Ad/4 were obtained in al the above cases, where Aqisthe did ectric wavelength.

To explore the possibility of aresulting imbalance due to the absence of a
balun in between the unbalanced coaxia cable and the balanced asymmetric
coplanar strip, antennas with and without baluns were studied (section 3.4.10).
It was noted that the antenna using the balun shows a dlight increase in
efficiency and has higher gain but such antennas have larger size and are bulky.
It is left to the designer to choose between the balun and balunless

configuration based on his requirements.

Different compact ACS fed antennas developed are shown in figure 1.8.

(a) Single band (b) Dual band (c) Tripleband
Fig.1.8. Asymmetric Coplanar Strip fed compact antennas
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The introduction of services like the digital TV (DVB-H) into mobile
phones along with voice and data services has created an immense need for
ultra compact antennas working in the 470 — 702 MHz range. The challenge is
to design wide band ultra compact antennas with the specifications laid down
by operators. Many existing techniques like the use of metamaterials, PBG
structures, fractals, meandering etc have been proposed in literature. All the
above techniques increase the complexity, cost or size of the device which
makes it practically difficult to realize them.

This problem has also been extensively studied by effectively and
completely using the available space for the antenna. A loop like structure is
finally chosen for the purpose. Dual band and triple band antennas with
dimensions of the order of A4/5 X Aq/10 or less, highly suitable for RFID/GSM
900/1800 and 2.4 WLAN have been successfully designed and tested.

The above technique is extended to the design of an ultra compact DVB-
H antenna which completely satisfies the requirements. Further modifications
are made in the design keeping in mind the geometry of atypical handset. It is
worth to note that these antennas occupy dimensions of the order of Ay/7 X A4/22

or lesswhich is a significant achievement.

The ultra compact designs developed are shown in fig.1.9.Detailed
analysisis presented in chapter 4.

I-J J—] I--'I

(a) Dual Band (b) Triple band (c) DVBH-I (d)DVBH-II
Fig 1.9. Asymmetric Coplanar Strip fed Ultra compact antennas
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In addition to the Asymmetric Coplanar Strip feeding technique another
uniplanar feed which has received recent attraction is the Sotline.

The Slot line may be considered as a complementary of the coplanar wave
guide. The main advantage of this uniplanar transmission line is the ease of

mounting active and passive circuits.

Two different dot line fed planar antenna designs are also studied in the

thesis and given as appendices.Fig.1.10 shows the dlot line fed antennas.

(a) Dua Band antenna (b) Wide Band antenna

Fig.1.10. Slot line fed antennas

1.5 Organisation of the Thesis
The Thesisis organized into five chapters.
Chapter 1 gives a brief introduction about the evolution of planar

antennas. Various antenna designs for specific applications have been briefly
reviewed along with the motivation of the present work.

Chapter 2 gives an account of the various technigques used for the design
fabrication and measurement of antennas. Basic concepts and measurement

methodology is briefly outlined in this chapter.
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Chapter 3 gives a detailed study of the proposed Asymmetric coplanar
strip feeding mechanism. Different types of antennas including Single band
,Dual band and triple band antennas are designed using this feed are studied in
detail. The use of balun is aso studied in this chapter. The experiments and
observations are validated using simulation studies.

Chapter 4 gives details of the design of ultra compact antennas using the
asymmetric coplanar feed. Dual band, Triple band antennas for RFID/GSM
applications are presented. Various antennas ideal for applications in the DVB-
H bands are also designed and studied in detail

Chapter 5 serves as a conclusion of the thesis with directions for future
study

The thesis also includes the design and development of dlotline fed
antennas. A dlotline fed wideband dipole is included in appendix 1 and a
dotline fed dual band antennaisincluded in appendix 2.
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Clopeer 2]

DESIGN, FABRICATION AND
MEASUREMENT OF ANTENNAS

2.1 Techniquesfor the Design and Optimization of Antennas

2.2 AntennaFabrication

Contents

2.3 Antenna Measurements

The chapter deals with the techniques used for the design, fabrication and
measurement of antennas. The design and simulations are performed using the
FEM based Ansoft High Frequency Structure Simulator (HFSS). The antennas
are fabricated using photolithographic method. VINA HPE510C and Agilent PNA

83623 are used to measure antenna characteristics such as return loss, radiation

pattern, gain etc.

2.1 Techniquesfor the Design and Optimization of Antennas

The design and optimization studies of the antennas presented in this thesis
are performed using the commercial software Ansoft High Frequency Structure
Simulator (HFSS). HFSS is a high-performance full-wave e ectromagnetic (EM)

field smulator for arbitrary 3D volumetric device modeling.
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2.1.1 High Frequency Structure Simulator

Ansoft HFSS utilizes the 3D full-wave Finite Element Method (FEM)
with adaptive meshing to compute the electrical behavior of high-frequency and
high-speed components [1]. The basic mesh element is a tetrahedron. This
allows solving any arbitrary 3D geometry, especialy those with complex
curves and shapes, in minimum time. Ansoft HFSS can be used to calculate
antenna parameters such as S Parameters, radiation pattern, gain, current
distributions, fields, efficiency etc. HFSS integrates simulation, modeling,
visualization and automation in an user friendly environment. With adaptive
meshing and brilliant graphics HFSS gives an unparalleled performance and
complete insight to the actual radiation phenomenon in the antenna. With HFSS
one can extract the parameters such as S,Y, and Z, visualize 3D electromagnetic
fields (near- and far-field), and optimize design performance. An important and
useful feature of this ssimulation engine is the availability of different kinds of
port schemes. It provides lumped port, wave port, incident wave scheme etc.
The accurate simulation of coplanar and microstrip lines can be done using the
port schemes. The parametric set up available with HFSS is highly suitable for

an antenna engineer to optimize the desired dimensions.

The first step in simulating a structure in HFSS is to define the geometry
of the structure by giving the material properties and boundaries for 3D or 2D
elements available in HFSS window. The next step is to draw the intended
architecture using the drawing tools available in the software. The designed

structure is excited using the suitable port excitation schemes. The next step is
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the assigning of boundary scheme. A radiation boundary filled with air is
commonly used for radiating structures. The size of air column is taken to be
equal to a quarter of the free space wavelength of the lowest frequency of
operation. Now, the ssimulation engine can be invoked by giving the proper
frequency of operation and the number of frequency points. Finally the
simulation results such as scattering parameters, current distributions and far
field radiation pattern can be displayed. The vector as well as scaar
representation of E, H and J values of the device under simulation gives a good

insight into the structure under analysis.
2.1.2 TheFinite Element Method

As mentioned above HFSS uses the FEM technique for the calculation of
different parameters. The Finite Element Method is well-established and widely
used for the time-harmonic solution of Maxwell’s equations. The unstructured
nature of the time domain version of FEM gives a clear advantage over
numerical computational methods in modeling complex antenna geometries.
The main concept of the finite element method is based on subdividing the
geometrical domain of a boundary-value problem into smaller sub-domains,
called finite elements, and expressing the governing differential equation along
with the associated boundary conditions as a set of linear equations that can be

solved computationally using linear algebra techniques.

FEM has enjoyed a strong interest for electromagnetic analysis. In
fact, over the past 10 years, the greatest progress in computational

electromagnetics is based on the development and application of partial
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differential equation (PDE) methods such as the finite difference-time
domain (FDTD), finite element (FEM) and methods including hybridizations
of these with integral equations and high frequency techniques. The major
reasons for the increasing reliance on PDE methods stem from their inherent
geometrical adaptability, low memory demand and their capability to model
heterogeneous (isotropic or anisotropic) geometries. These attributes are
essential in developing general-purpose codes for electromagnetic

analysis/design, including antennas and their characterization.

FEM is a mature method and is the workhorse of standard analysis and
design packages in Mechanical Engineering and Applied Mechanics. In this
approach Resistive/material and impedance boundary conditions are readily
implemented in a modular fashion. Established hybridizations of the FEM
with moment methods and ray methods provide an added advantage by
delivering the most adaptable and efficient code when compared to other

approaches [2].

The main idea behind the FEM [3,4] is to solve Boundary Vaue
Problems (BVP)s governed by a differential equation and a set of boundary
conditions. The representation of the domain is split into smaller sub-domains
called the finite elements. The distribution of the primary unknown quantity
inside an element is interpolated based on the values at the nodes, provided
nodal elements are used, or the values at the edges, in case vector elements are
used. The interpolation or shape functions must be a complete set of
polynomials.
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The accuracy of the solution depends, among other factors, on the
order of these polynomials, which may be linear, quadratic, or higher order.
The numerical solution corresponds to the values of the primary unknown
guantity at the nodes or the edges of the discretized domain. The solution is
obtained after solving a system of linear equations. To form such a linear
system of equations, the governing differential equation and associated
boundary conditions must first be converted to an integro-differential
formulation either by minimizing a functional or using a weighted residual
method such as the Galerkin approach. This integro-differential formulation
is applied to a single element and with the use of proper weight and
interpolation functions the respective element equations are obtained. The
assembly of all elements results in a global matrix system that represents the

entire domain of the BVP.

There are two methods that are widely used to obtain the finite element

equations: the variational method and the weighted-residual method.

The variational approach requires construction of a functional which
represents the energy associated with the BVP a hand. A functiona is a
function expressed in an integral form and has arguments that are functions
themselves. Many engineers and scientists refer to a functional as being a
function of functions. A stable or stationary solution to a BVP can be obtained
by minimizing or maximizing the governing functional. Such a solution
corresponds to either a minimum point, a maximum point, or a saddle point. In
the vicinity of such a point, the numerical solution is stable meaning that it is
rather insensitive to small variations of dependent parameters. This trandlates to
a smaller numerical error compared to a solution that corresponds to any other

point.
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The second method, is a weighted-residual method widely known as the
Galerkin method. This method begins by forming a residual directly from the
partial differential equation that is associated with the BV P under study. Simply
stated,this method does not require the use of a functional. The residua is
formed by transferring all terms of the partia differential equation on one side.
This residua is then multiplied by a weight function and integrated over the
domain of a single element. This is the reason why the method is termed as
weighted-residual method. The Galerkin approach is simple and starts directly
from the governing differential equation.

2.2 Antennafabrication

The antennas studied in the thesis are fabricated using the
photolithographic technique. Thisis achemical etching process by which the
unwanted metal regions of the metallic layer are removed so that the
intended design is obtained. Depending upon the design of the antenna as
biplanar or uniplanar dual or single side substrates are used. The selection of
a proper substrate material is the essential part in antenna design.

2.2.1 Characterisicsof substrate materials

Recent developments in the microelectronic industry demand high
performance microwave materials for substrate and packaging applications.
Materials for such applications should have low relative permittivity and
low dielectric loss to reduce the propagation delay and to increase the
signal speed. In addition the materials should have high thermal
conductivity for dissipating heat. Other important substrate characteristics
include the thickness, homogeneity, isotropicity and dimensional strength
of the substrate [5 - 9].
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The selection of dielectric constant of the substrate depends on the
application of the antenna and the radiation characteristics specifications.
High Dielectric constant substrates causes surface wave excitation and low
bandwidth performance. Also as the frequency of operation increases, the
loss tangent of the material used for substrates slightly increases, which in
turn adversely affects the efficiency of the antenna. Also increasing the
thickness of the substrate increases the band width of the antennas at the
expense of efficiency owing to increase in surface waves. FR4 with ¢=4.4
tan, 6=.02, h=1.6 mm and RT Duriod substrate with &=4.4, tan 6=.002,
h=1.5 mm are used for the study.FR4 substrate are commonly used for
initial studies. The final antennas are fabricated on RT Duroid to enhance

the antenna efficiency.

Various methods have been devised to accurately measure the dielectric

properties of substrates available in market [10 -11].

The microwave dielectric properties of the sample were measured by the
cavity perturbation technique using a vector Network Analyzer. This technique
is widely used for the determination of the dielectric characteristics of thin

samples of low and medium dielectric loss.

A rectangular S or X-band dotted wave-guide cavity with optimum iris
coupling is used for the measurement of dielectric properties of the samples at
the microwave frequencies. The resonant frequency and quality factor of the
empty cavity were determined for different cavity modes. Then the extremely
thin sample having known dimensions is inserted and positioned at the E-field
antinode. The new resonant frequency and Q of the sample were again
measured. The complex dielectric constant of the sample was calculated using

the following equations.
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where f, = resonant frequency of the cavity

fs = resonant frequency of the samples
V. = Volume of the cavity
Vs = Volume of the sample

Qo = Quality factor of the empty cavity
Qs = Quality factor of the sample loaded cavity

2.2.2 Photo Lithography

After the proper selection of the substrate material a computer aided design of
the geometry isinitidly made and a negative mask of the geometry to be generated is
printed on a transparent sheet. A single or double sded substrate with copper
metdlization of suitable dimension is properly cleaned using acetone to free from

impurities.

A thin layer of negative photo resist solution (1:1 mix of negative photoresit
solution and thinner) is coated using spinning technique on copper surfaces and is
dried. The mask is placed onto the photo resist and exposed to UV light. After the
proper UV exposure the layer of photo-resst materia in the exposed portions
hardens when it istreated with developer solution
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The board is then dipped in dye ink solution in order to clearly view the
hardened photo resist portions on the copper coating The board is then washed in
water. After developing phase the unwanted copper portions are etched off using
Ferric Chloride (FeCl3) solution to get the required antenna geometry on the
substrate. The etched board is rinsed in running water to remove any etchant. . FeCls
dissolves the copper parts except underneath the hardened photo resist layer after few
minutes. The laminate is then cleaned carefully to remove the hardened photo resst
using acetone solution. The various steps involved in the fabrication process are
illustrated inFig.2.1

Cleaned substrate with

Negartive mask

photo resist layer

ﬂ UV exposure

Etching
Dyeing
— =
— ]

Fig.2.1. Photolithographic technique for antenna fabrication

2.3 Antenna M easurements

This section explains the techniques used for the accurate measurement of

antennas under study.
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2.3.1 Experimental Set up

An epigrammatic overview of the equipments and facilities used for
extracting the antenna reflection and radiation characteristics is presented in this
section with details of the measurement procedure. The measurement of
radiation characteristics of the antennas were carried out using Network
analysers HP 8510C VNA and Agilent 8362B PNA.

2.3.2 HP 8510C Vector Network analyzer (VNA)

HP8510C is sophisticated equipment capable of making rapid and accurate
measurements in frequency and time domain [12]. The NWA can measure the
magnitude and phase of the S parameters. The 32 bit microcontroller MC63000
based system can measure two port network parameters such as Si1, Si2, S22 ,Sn
and it's built in signal processor analyses the transmit and receive data and
displays the results in many plot formats. The NWA consists of source, S
parameter test set, signal processor and display unit. The synthesized sweep
generator HP 83651B uses an open loop YIG tuned element to generate the RF
stimulus. It can synthesize frequencies from 10 MHz to 50 GHz. The frequencies
can be set in step mode or ramp mode depending on the required measurement
accuracy. The antenna under test is connected to the two port S parameter test set
unit, HP8514B and incident and reflected wave at the port are then down
converted to an intermediate frequency of 20MHz and fed to the detector. These
signals are suitably processed to display the magnitude and phase information in
the required format. These constituent modules are interconnected through HPIB
system bus. An in-house developed MATLAB based data acquisition system
coordinates the measurements and saves the data in the text format. Schematic
diagram of HP8510C NWA and setup for reflection characteristic measurement
isshowninFig.2.2
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Fig.2.2 Setup for measuring reflection characteristic using HP 8510C VNA

The Antenna characteristics such as return loss, radiation pattern and gain
are measured using the HP8510C and associated setup. The indigenously
developed CREMA SOFT is used for the automatic measurement of the
radiation properties using HP 8510C Network analyzer. The important systems
used for the antenna characterization are Vector network Analyzer, Anechoic

Chamber, Automated turn table etc.
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The antenna under test (AUT) is connected to the port of the S-parameter
test set HP8514B and the forward and reflected power at the measurement point
is separated and down converted to 20MHz using frequency down converter. It
is again down converted to lower frequency and processed in the HP8510C
processing unit. All the systems discussed above are interconnected using HPIB
bus. A computer interfaced to the system is used for coordinating the whole

operation remotely. Measurement data can be saved on a storage medium .

2.3.3 E8362B programmable Network Analyzer (PNA)

The Agilent E8362B Vector Network Analyzer is a member of the PNA
Series Network Analyzer platform and provides the combination of speed and
precision for high frequency measurements [13]. The operation range is from
10 MHz to 20 GHz. For antenna measurements it provides exceptional results
with more points and faster measurement speed. It has 16,001 points per
channel with < 26 psec/point measurement speed and 32 independent
measurement channels. Windows operating system and user interface mouse
makes measurement procedure much easier. Embedded help system with full
manual, extensive measurement tutorials, and complete programming guide

helps to carry out accurate measurement of antenna characteristics promptly.
2.3.4 Anechoic Chamber

The anechoic chamber provides a quite zone, free from all types of EM
distortions. All the antenna characterizations are done in an Anechoic chamber

to avoid reflections from nearby objects.
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It is a very big room consisting of microwave absorbers fixed on the
walls, roof and the floor to avoid the EM reflections. A photograph of the

anechoic chamber used for the study is shown in Fig. 2.3 below.

Fig.2.3. Photograph of the anechoic chamber used for the antenna
measurements

The absorbers fixed on the walls are highly lossy at microwave
frequencies. They have tapered shapes to achieve good impedance matching for
the microwave power impinges upon it. The chamber is made free from the
surrounding EM interferences by covering al the walls and the roof with

aluminium sheet.
2.3.5 Turn table assembly for far field radiation pattern measurement

The turn table assembly consists of a stepper motor driven rotating
platform for mounting the Antenna Under Test (AUT). The in-house devel oped
microcontroller based antenna positioner STIC 310C is used for radiation

pattern measurement. The main lobe tracking for gain measurement and
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radiation pattern measurement is done using this setup. A standard wideband
horn (1-18GHz) is used as receiving antenna for radiation pattern
measurements. The in-house developed automation software ‘Crema Soft’
(Developed at the Centre for Research in Electromagnetics and Antennas,

CUSAT, INDIA) coordinates all the measurements.

2.3.6 Experiments

The experimental procedures followed to determine the antenna
characteristics are discussed in the following sections. Power is fed to the
antenna from the S parameter test set of the analyzer through cables and
connectors. The connectors and cables tend to be lossy at higher microwave
bands. Hence the instrument should be calibrated with known standards of
open, short and matched loads to get accurate scattering parameters. There are
many calibration procedures available in the network analyzer. Single port
and full two port calibration methods are usually used. Return loss, VSWR
and input impedance can be characterized using single port calibration

method.

The fabricated antennas are tested to study the various characteristics.
Since al the antennas have very compact dimensions of the order of a quarter
of the wavelength various factors have to be considered for efficient and

accurate measurements.

Ideally, antennas would be measured without any perturbation from
measurement cables and connectors. However for cost and speed reasons,
most handset and WLAN antennas are measured using a coaxial cable to

connect the antenna under test (AUT) to the transceiver. This feed cable
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couples to the currents on the AUT and can affect both the antenna match
and also the radiation performance. Various techniques have been reported
in literature to nullify this effect. A new method of suppressing spurious
measurement cable currents has been developed in [14]. This relies on
computer simulation to predict the low electric field regions where the
measurement cable can be safely attached, and upon comparison between
simulation and measurement results the measurement cable spurious surface
currents can be accounted. Another common practice is the use of ferrite
beads and quarter wave sleeve balm (*bazookas’) to be used to suppress the
current on the feed cable. But even with all these methods the effects cannot

be completely negated [15].

2.3.7 Return loss, Resonant frequency and Bandwidth

The calibration of the port is done for the frequency range of interest
using the standard open, short and matched load. The calibrated instrument
including the port cable is now connected to the device under test. The return
loss characteristic of the antenna is obtained by connecting the antenna to any
one of the network analyzer port and operating the VNA in s;1/S,, mode. The
frequency vs reflection parameter (s11/s22) is then stored on a computer using

the ‘ Crema Soft’ automation software.

The frequency for which the return loss value is the minimum is taken as
resonant frequency of the antenna. The range of frequencies for which the
return loss value is within the -10dB points is usually treated as the bandwidth
of the antenna. The antenna bandwidth is usually expressed as percentage of

bandwidth, which is defined as
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fa-f1
fc

%Bandwidth = *100

Where f2 denotes the higher -10 dB point, f1 the lower -10 dB point and

fc the centre frequency having the minimum return loss value.

At -10dB points the VSWR is ~2. The above bandwidth is sometimes
referred to as 2:1 VSWR bandwidth.

2.3.8 Radiation pattern measur ement

The measurement of far field radiation pattern is conducted in an
anechoic chamber. The AUT is placed in the quiet zone of the chamber on a
turn table and connected to one port of the network analyzer. The the network
analyzer is kept in S;1/S;2; mode with the frequency range within the -10dB
return loss bandwidth. The number of frequency points is set according to
convenience. The start angle, stop angle and step angle of the motor is also
configured ‘ Crema Soft’. The antenna positioner is boresighted manually. Now
the THRU calibration is performed for the frequency band specified and saved
in the CAL set. Suitable gate parameters are provided in the time domain to
avoid spurious radiations if any. The Crema Soft automatically performs the
radiation pattern measurement and stores it as atext file. Thisis used to plot the

2-D radiation pattern at the required frequency.
2.3.9 Antenna Gain

The gain of the antenna under test is measured in the bore sight direction.

The gain transfer method using a standard gain antenna is employed to determine
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the absolute gain of the AUT [16-18]. The experimental setup is smilar to the
radiation pattern measurement setup. An antennawith known gain isfirst placed in
the antenna positioner and the THRU calibration is done for the frequency range of
interest. Standard antenna is then replaced by the AUT and the change in S is
noted. Note that the AUT should be digned so that the gain in the main beam
direction is measured. This s the reative gain of the antenna with respect to the
reference antenna. The absolute gain of the antenna is obtained by adding this

relative gain to the origina gain of the standard antenna.
2.3.10 Antenna Efficiency

Conventional antenna radiation efficiency measurement techniques, such
as the Wheeler cap, are generally narrowband and, thus, well suited for resonant
antennas [19,20].The method involves making only two input resistance
measurement of antenna under test: one with conducting cap enclosing the
antenna and one without. For the Wheeler cap, a conducting cylindrical box is
used whose radius is radiansphere of the antenna and which completely
encloses the test antenna. Input impedance of the test antennais measured with
and without the cap using E8362B PNA. Since the test antenna behaves like a
series resonant RLC circuit near resonance the efficiency is calculated by the

following expression:
Rno_t:ap - Rcap

Rno_ cap

Where, R o cqp denotes the input resistance without the cap and Rcq the

Efficiency,n =

resistance with the cap.
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ASYMMETRIC COPLANAR STRIP FED
COMPACT ANTENNAS

3.1

3.1 Introduction to compact planar antennas
3.2 Planar Transmission lines

3.3 Coplanar Wave Guide and Asymmetric Coplanar Strip
fed Monopole antennas— A comparison

3.4 TheAsymmetric Coplanar Strip fed single band antenna
3.5 Asymmetric Coplanar Strip fed dual band antenna
3.6 Compact Asymmetric Coplanar strip fed multi band antenna

Contents

The chapter deals with the design and development of compact planar antennas
using the asymmetric coplanar strip feed. The chapter starts with a brief
introduction of the different types of feeding mechanisms for planar antennas.
From the various Rinds of feeds described the asymmetric coplanar strip feeding is
found to be the best suited candidate for compact antennas. This is validated by
comparing the characteristics of a simple strip monopole fed by the Asymmetric
Coplanar Strip feed with that of a similar monopole fed by the conventional
Coplanar wave guide feed. Compact single band, dual band and multiband
antennas are designed by the above feed and thoroughly studied. It can be seen
that all these antennas occupy dimensions of the order of only Ay/4 x A\g/4. The
inferences are effectively utilized for the design of different compact antennas for
DCS/PCS/UMTS/2.4/5.2/5.8 GHz WLAN applications.

Introduction to compact planar antennas

Modern wireless devices are becoming more compact day by day. This

trend is forcing designers to miniaturize each and every component of the
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device. Antennas which are one of the maor components cannot remain as
standalone devices. Hence its design too is crucia in deciding the overall

performance of the device.

The main characteristic of an antenna is to radiate energy which is
launched into its input end (feed). The design of amatched feed isimportant for
transferring maximum power from the source to the radiating antenna. This
implies that the feed will play an important role in the design of the antenna

Theissueis more crucial in the case of compact antennas.

While designers give much importance to the radiator, the feed region
of the most compact designs still remains untouched. The overall area of an
antenna depends on the size of both the radiating element and the feed.
Hence in this study equal importance is given to the design of the feed and
the radiator.

In this chapter the design and development of compact antennas with
optimum feed is presented. Single band, Dual band and triple band antennas are
developed with the above idea. Exhaustive experimental and simulation studies

of the above antennas are also presented and discussed.
3.2 Planar Transmission lines

In this section the different types of antenna feeds are briefly presented.
Since the thesis is about the study of planar antennas emphasis is given to
planar transmission lines. The widely used planar transmission lines include the
microstrip line (Dual layer structure) and the coplanar wave guide (Uniplanar
structure).
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3.2.1 The Microstrip line

The Microstrip line (MSL) consists of a narrow signal strip on an infinite
ground plane separated by a dielectric. The cross section of a typical MSL is
shown in fig.3.1.The characteristic impedance of the line depends on the width
of the signal strip along with the height and the dielectric constant of the
substrate [1].

Signal Strip

Substrate, €,

Ground plane

Fig. 3.1. Microstrip transmission line

The term “Uniplanar” or “Coplanar” stands for those transmission linesin
which all the conductors lie in the same plane. The members of this category
include the Coplanar wave guide (CPW), the SlotLine (SL) etc [2].

3.2.2 The Coplanar Wave guide

The coplanar wave guide consists of a central signa strip bounded by
twin lateral ground strips separated by a small gap (Fig.3.2.). The characteristic
impedance is determined by the width of the signal strip, the gap between the
signal strip and the lateral ground strip for fixed substrate height and dielectric
constant [2].
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/ Signal Strip

Substrate, &

Fig.3.2. The CPW transmission line

3.2.3 The Slotline

The dotline may be considered as a complementary to the CPW
(Fig.3.3.). The main advantage of this transmission line is the ease of mounting
active and passive circuits into these lines. Here the width of the slot and the
height of the substrate determine the characteristic impedance [3].

/ Ground strip

Signal strip

Substrate, &,

Fig.3.3. Geometry of aSlotline
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Many related designs like coplanar strips, conductor backed coplanar
wave guide, Asymmetric coplanar strips etc have also been reported in

literature.
3.2.4 The Asymmetric Coplanar Strip feed

The Asymmetric Coplanar Strip (ACS) isamodification of the slot linein
which the width of one of the lateral strips is narrow. Owing to the simple
structure, ease of fabrication and other reasons mentioned below it is more
advantageous for compact antenna designs. In this thesis the asymmetric
coplanar strip is effectively utilized in the design of compact uniplanar

antennas.

Signal strip Ground strip

Substrate, &,

Fig.3.4. Schematic of the Asymmetric Coplanar Strip (ACS) feed

Fig.3.4 shows the schematic of the ACS feed. It mainly consists of a
signal strip (w;) with asingle lateral ground plane (w;) separated by a small gap
(9). The characteristic impedance of this transmission line on a substrate of
dielectric constant & and height ‘h’ depends on ws, w, and g [2]. But when the
width of one of the strips (say wy) is very much larger compared to the other
(wyq), its effect on the characteristic impedance is found to be less and hence w;

can be omitted from characteristic impedance cal culations, without much error.
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The characteristic impedance of the ACSline isgiven by

2607 K (K)
S 3
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Hence K (k) and k’ (k) are elliptical functions

There are several reasons for using the Asymmetric coplanar strip
(Fig.3.4) in place of the coplanar wave guide (Fig.3.2) to feed compact
antennas. The first reason is obviously the reduction of area in the feed section.
It can be seen that the ACS feed requires lesser area than the CPW feed.

66



A symmetric Coplanar Strip fed Compact Antennas

Secondly, as mentioned above, in characteristic impedance calculations of the
ACS, if the width of one of the laterd stripsis very large compared to the other its
width (the width of the larger strip) is found to have less impact on the characteristic
impedance. This gives freedom to the designer to sdect the feed dimensions based

on circuit requirements,

Even though the ACS feed is compact, before embedding this feed into a
practical antenna system its effect on the overall performance of the antenna has
to be analyzed thoroughly and compared with that of an antenna with a
conventiona feeding mechanism. For this study a simple strip monopole is used
as the reference. The smple strip monopole fed by the ACS feed is compared
with that of a monopole fed by the CPW feed and studied as given below.

3.3 Coplanar Wave Guide and Asymmetric Coplanar Strip fed

Monopole antennas — A comparison

Monopole antennas are attractive in modern wireless applications owing
to simple structure, broad bandwidth and nearly omnidirectional radiation
characteristics. The monopoles are usually placed vertically to a large ground
plane which increases the system complexity, size and volume. Printed
monopoles on the other hand, are conformal for modular design and can be
fabricated along with the printed circuit board of the system, making fabrication
easier. A CPW fed monopole is an ideal example for an uniplanar monopole
antenna. Therefore it is used to compare the properties of the Asymmetric
Coplanar Strip (ACS) fed monopole.

3.3.1 Geometry of the antennas

Fig.3.5. Shows the geometries of the CPW and ACS fed simple monopole

antennas.
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In the case of the ACS fed antenna, the monopole is directly fed by the
ACSfeed. Thesigna isfed at the point's and the ground of the coaxial cableis
connected to ‘si’. The antennas are designed on a substrate of dielectric

constant 4.4 and height 1.6 mm.

The length of the monopoles above the ground plane is taken as L, for
both the ACS fed monopole and the CPW fed monopole. The width is taken
equal to ‘w’. The ground plane dimensions and the gap of the both the antennas
are optimized for good impedance matching.

Fig. 3.5. Comparison of the ACS and CPW fed strip monopoles
Lm =17 mm, Ls=25mm, Lg =25 mm, Wg =8 mm and w =3 mm,
Ls= 25 mm, W=3 mm,Lg; = 25 mm, Wg; = 8 mm, g = 0.5 mm,
01=0.3mm, &=4.4, h= 1.6 mm
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3.3.2 Return Loss Characteristics

The Return loss curves of the two antennas are shown in fig.3.6. It can be

seen that both the antennas resonate around 2.75 GHz with good impedance
matching. The ACS fed antenna exhibits a bandwidth of 20 % while the CPW
fed antenna exhibits a band width of 18 %.
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Fig. 3.6. Return Loss curves of the ACS and CPW fed monopole

antennas.

Lm =17 mm, Ls =25 mm, Lg = 25 mm, Wg = 8 mm and
w =3 mm, & = 44, h=1.6 mm, Ls= 25 mm, W=3 mm,
Lmy=17 mm, Lg; = 25 mm,Wg; = 8 mm,g = 0.5 mm,g; = 0.3 mm,
&=4.4,h=1.6 mm
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3.3.3 Radiation characteristics

The radiation characteristics of the two antennas are studied in this
section. The three dimensional patterns are shown in fig.3.7. Both the antennas
exhibit a near figure of eight pattern in the E plane and a non directional pattern
in the H plane. The bore sight of CPW fed antenna is directed along X. But the
bore sight of the ACS fed antenna is tilted by 45°. This tilt is due to the
asymmetry in the antenna geometry.

dB{rETatal)

1. 8218#-081
1. 7563e+001
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1. 5621e-001
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Fig.3.7.a. CPW fed Antenna Fig.3.7.b. ACS fed Antenna

Fig.3.7. 3-D Radiation pattern of the CPW and ACS fed antennas
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The 2-D radiation patterns of both the antennas are depicted in Fig.3.8.
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Fig.3.8.a. Principal Plane patterns of the CPW fed Antenna at 2.75 GHz
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Fig.3.8.b. Principal Plane patterns of the ACS fed Antenna at 2.75 GHz
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From fig.3.8 it can be seen that the coplanar wave guide fed antenna
exhibits better cross polarization by 15 dB with respect to the ACS fed

antenna.

The surface current distributions in the antennas are shown in Fig.3.9.a
and 3.9.b. A quarter wave variation is noted in the signal strip in both the
antennas. It can be seen that in the case of the CPW fed antenna the current
intensity in the ground plane is nearly zero except near the feed. This is not
the case with the ACS fed antenna where a nearly equal current intensity
variation is found in the signal strip as well as in the ground plane. This
means that the ground plane too has predominant effect in the resonance and
radiation phenomenon. This is studied in more detail in the succeeding

section.

-

Fig.3.9.a. Current distributionsin the ACS fed antenna at 2.75 GHz
Lm =17 mm, Ls =25 mm, Lg = 25 mm, Wg = 8 mm and
w =3 mm, e&r =4.4, h=1.6 mm
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3.9.b. Current distributions in the CPW fed antenna at 2.73 GHz
Ls= 25 mm, W=3 mm,Lm;=17 mm,Lg; = 25 mm,Wg; = 8 mm,
g=05mm,g;=0.3mm, £,=4.4 ,h=1.6 mm
The measured gain and efficiency of the CPW fed antenna 1.89 dBi and
94 % respectively at 2.73 GHz. For the ACS fed antenna they are 1.92 dBi and
90 % respectively at 2.75 GHz.

The results of the above studies are summarized in Table 3.1. It can be seen
that the ACS fed antenna retains nearly al the advantages of the CPW fed antenna
but within lesser area. In the above study the CPW fed antenna occupies an area of
25 mm x 53.6 mm on a substrate of dielectric constant 4.4 and height 1.6 mm while
the ACS fed antenna occupies a dimension of only 25 mm x 28.5 mm on the same
substrate. Thus there is a reduction of nearly 46 % in the case of the ACS fed

antennawhich is highly advantageous in the case of compact wireless devices.

From the above studies it can be concluded that the ACS can be used as a
good feed for exciting strip monopoles. To completely understand the resonance
and radiation phenomena a thorough study has been performed by varying the

different parameters of the antennaand is given in the next section.
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Table 3.1. Comparison of the CPW and ACS fed antennas

Characteristics

CPW fed Antenna

ACS fed antenna

Resonant frequency  2.73 GHz
Bandwidth

Radiation Pattern

HPB

w

Cross polarization
along beam max

Gain

Efficiency

Area

Area Reduction

18%

E plane - Figure of Eight
H plane -
Omnidirectional

80°

Down by -35 dB

1.89 dBi

94%

25 mm x 53.6 mm, er =
4.4, h=1.6 mm

2.75 GHz

20%

E plane - Figure of Eight
H plane — Omnidirectional
Both Tilted by 45°

78°

Down by -20 dB

1.92 dBi

90%

25 mm x 28.5 mm,
er=4.4, h=1.6 mm
Nearly 46% compared to
CPW fed antenna

3.4 The Asymmetric Coplanar Strip fed single band antenna

This section highlights the more detailed study of the asymmetric

coplanar strip fed monopole (Fig.3.10.).
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Fig.3.10. The Asymmetric Coplanar Strip fed Monopole Antenna
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The length of the monopole, Lm is taken to be equal to a quarter of the
dielectric wavelength corresponding to 2.75 GHz in the substrate. For the
substrate of dielectric constant 4.4 and height 1.6 mm, the dimensions are
chosen asLm =17 mm, Ls = 25 mm. The other dimensionsarew =5 mm, Lg
=21 mm, Wg= 8 mm and g = 0.3 mm. The experimental and simulated return

loss characteristic of the above antennais shown in fig.3.11.

0

-10 4

-15 4

Return Loss,dB

= Experiment
= simulation

-20 4

_25 ] I I 1
2 3 4 5

Frequency,GHz
Fig.3.11. Return loss curve of the ACS fed monopol e antenna
Lm=17mm, Ls=25mm, w=5mm, Ly =21 mm, Wg=8 mm,
g=0.3mm, &=4.4 ,h=1.6 mm
From the return loss curves it can be seen that the antenna resonates at 3

GHz with good impedance matching. But the expected resonance was at 2.75
GHz (due to the quarter wave variation in the length of the signal strip L,). To
find out the possible cause of the shift in the resonance, a detailed parametric
study is conducted by varying the different parameters of the antenna. This is
outlined in the following sections.
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3.4.1 Effect of Signal strip width (*‘w’) on return loss of the antenna

The influence of the width of the signal strip on the resonant frequency
of the antenna is shown in Fig.3.12.It can be seen that the matching
deteriorates when the strip width is increased or decreased beyond an
optimum value as shown in figure. It is because, as mentioned earlier, the
width of the signal strip too affects the impedance of the Asymmetric coplanar
strip. Also the band width is slightly effected for larger values of ‘w’. Good
matching is noted when the strip width is kept as 7 mm. But in this study the
lesser matched dimension (w = 3 mm) is taken as a compromise between the
matching and compactness. In all the cases resonant frequency is independent
of ‘w’. But there is an increase in bandwidth with increase in width of the
signal strip as evident from the figure.

Return Loss,dB

_30 T T T T T

Frequency,GHz

Fig. 3.12. Effect of varying the signal strip width, 'w’
Lm=17mm, Ls=25mm, Ly =21 mm, Wg=8 mmandg= 0.3,
&=4.4 ,h=1.6mm
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3.4.2 Gap width (g) variation studies

The gap width ‘g’ is varied and its effect in the return loss characteristic
of the antennais given in Fig.3.13. The characteristic impedance depends on the
gap width and remains nearly constant for higher gap widths. The optimum
valueis taken as 0.5 mm on a substrate of dielectric constant 4.4 and height 1.6
mm when the signal strip width is 3 mm.

Return Loss,dB

-50 T T

-

Frequency,GHz

Fig.3.13. Gapwidth ‘g’ variation studies
Lm=17mm, Ls=25mm, w =3 mm, Lg=21 mm, Wg=8mm,
&=4.4 h=1.6mm

3.4.3 Signal strip Length (‘Ls’) variation studies

The resonant frequency of the antenna highly depends on the length of the
strip as evident from the graph (Fig.3.14). The resonant frequency decreases
with increase in length of L as expected. It has to be noted that for small values

of Ls (Ls < Wy ) the system is not acting as an antenna. It moreover acts like a
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transmission line terminated by an open circuit. As Ls is increased beyond Wy,
the resonant frequency decreases with increase in Ls. Thus this study proves

that the length of the signal strip is primarily deciding the resonant frequency.

Return Loss,dB

— Ls =18 mm
— L5 =21 mm
— s =24 mm

=30 A

Ls = 27mm

Ls =30 mm
—40 L] L] ] T T

1 2 3 B 5 6 7

Frequency,GHz

Fig.3.14. Effect of varying the length of the signal strip, Ls
w =3 mm, Lg =21 mm, Wg= 8 mmand g = 0.5 mm,
&=4.4 h=1.6 mm

3.4.4 Ground plane width (Wg) variation studies

As mentioned earlier the ground plane dimension is an important factor
while the design of compact antennais concerned. The Asymmetric Coplanar Strip
uses only asingle lateral ground strip compared to the twin lateral ground stripsin
the Coplanar Wave Guide feed. Hence the dimension of this single ground planeis
expected to have far more effect on the performance of the antenna. The variation

of return loss with the ground plane width is shown in Fig.3.15. The band width of
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the antenna varies with the ground plane width, Wy but the resonant frequency
remains more or less the same even after large variations.

Return Loss,dB

-35 T T T

Frequency,GHz

Fig.3.15. Ground width , Wg variation studies
Lm=17mm,Ls=25mm,w=3mm,Lg=21mm,andg=0.5
mm, £,=4.4 .h=1.6 mm
Since bandwidth enhancement is not the intension of our study, the
optimum dimension is taken as Wg = 0.3 Ly keeping in mind the compactness

and impedance matching of the antenna.
3.4.5 Ground plane Length (Lg) variation studies

The length of the ground plane is also found to be an important parameter
affecting the resonant frequency and compactness of the antenna. It can be
noted from Fig.3.16 that the ground plane length significantly affects the

resonant frequencies and matching conditions of the antenna. As mentioned
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earlier when Lg is very much larger than ‘w’, the width of the signa strip, its
effect on the characteristic impedance is less. Also the resonant frequency

decreases with increase in the length of the ground plane and vice versa.

Return Loss,dB

Frequency,GHz

Fig.3.16.Ground plane length Lg variation studies
Lm=17mm, Ls=25mm,w =3 mm, Wg=7mmandg=_0.5,
&=4.4,h=1.6 mm

This study also explains the cause for the shift in the resonant frequency
of the antenna in section 3.4 (fig.3.10) even when the length of the strip above
the ground plane, L, was taken equal to a quarter of the dielectric wavelength
corresponding to the resonant frequency at 2.75 GHz. In this case the ground
plane length, Lg is taken as 21 mm and not 25 mm as in the previous case

(fig.3.5).This causes the shift in the resonant frequency from 2.75 GHz to
3 GHz.
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From the above studies It can be assumed that the total length of the
antenna (monopole length Ly, plus ground plane length Lg) may be determining
the resonant frequency of the antenna. Thus the resonant frequency of the
antennais not smply due to the vertical strip L, alone, but due to the combined

effect of the ground plane and the signal strip.

To ascertain the above assumptions the current distribution in the antenna

ispicturedinfig.3.17.
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Fig.3.17. Current distribution in the antenna at the resonant frequency
Lm=17mm, Ls=25mm, Lg=21 mm, w = 3 mm, Wg=7 mm
andg=0.5, =44 ,h=1.6mm

It can be seen from the current distribution in the antenna that there is a
guarter wave variation in the signal strip. In addition to this, there is a similar
variation along the length of the ground plane also. But it is worth noting that

the current variation in the ground plane is only along the edge, which therefore
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doesn’t perturb the asymmetric coplanar strip line characteristics. The antenna
acts moreover like adipole. Thisis amodification to the earlier assumption that

the antenna acts like a quarter wavelength monopole.

From exhaustive studies it is found that the resonant frequency
corresponds to nearly half of the dielectric wavelength corresponding to the
total length of Lm + Lg of the antenna as shown in Fig.3.18.

Fig.3.18. Current path in the antenna

The observations may be mathematically given as

F 055 X0 e (3.9)

L x 4/ geff

whereL= Ly + Lg and eet = (& +1+1)/3 isthe relative dielectric constant. where
gr and 1 are the relative dielectric constant of the substrate and air and F is the
resonant frequency. The antenna is fabricated on a substrate of dielectric

constant 4.4 and height 1.6 mm.
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It is also found that different combinations of the signal strip length and
the ground plane length can give the same resonant frequency. To find out the
optimum relation between L, and Lg, a set of variation studies have been

performed keeping the total length constant and is given in Fig.3.18.
3.4.6 Effect of various combinations of L, and Ly on antenna performance

In this study the total current path ( L1 + Lg) is kept constant and the
matching conditions are studied for various values of Ly and Ly, It is noted that
the best matching is obtained when the ground plane length Lg is made equal to
Lm + Wg/2 .i.e, when the mean length of both the arms are equal. When the
ground plane length is far different from the vertical strip length the matching
gets distorted. The optimized width of the ground plane is nearly taken as one
third of its length.

Return Loss,dB

Frequency,GHz

Fig.3.19. Ground plane variation studies keeping Lm + Wg/2 + Lg a
constant ((Lm + Wg/2) — Lg variations are shown)
w =3 mm, Wg=8 mmandg=0.5mm, =44 ,h=1.6 mm
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The following conclusions can be derived from the above studies.

The resonance is due to the combined length of the signal strip (L) and
the ground plane (Lg).

Good performance is noted when the length of the ground plane (Lg) is

kept nearly equal to the strip length (L + Wy/2)

The above design offers more freedom for an antenna designer. For instance,
once can design an antenna with a smaler radiating strip by increasing Lg . Also
the resonance of the antennais independent of Wg. So an optimum feed length can
be selected based on the communication system space allocation.

3.4.7 Effect of the substrate height on antenna performance

0

-10 4

-20 1

Return Loss,dB

-30 4

-40

Frequency,GHz

Fig.3.20. Effect of varying the height ‘h’ of the substrate
Lm =17 mm, Ls = 25 mm, w = 3 mm, Wg= 8 mm,
Lg=25mm andg=05mm, ¢,=4.4

The effect of the height of the substrate on the performance of the antenna

is depicted in Fig.3.20. The frequency decreases with increase in substrate
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thickness. The resonance at 3 GHz (for h =1.6 mm shifts to 2.7 GHz when the
height is increased to 6.4 mm. Thus there is nearly 10 % freguency variation
when the thickness is increased eight times.

3.4.8 Effect of varying the dielectric constant of the substrate

The return loss characteristic of antenna for different substrates is shown in
Fig.3.21. When =22 the antenna is resonating a 3.3 GHz. The resonant

frequency isfound to be decrease with increase of dielectric constant as expected.

-10 4

-20 4

Return Loss,dB

Epsilon 2.2
Epsilon 4.4
Epsilon 6.6
Epsilon 8.8

-30 4

'40 T T T T

T

Fig.3.21. Variation of the resonant frequency with the dielectric
constant of the substrate
Lm=17mm, Ls=25mm, Lg=25mmw =3 mm, Wg= 8 mm,
Lg=25mmand g=0.5mm, h=1.6 mm

3.4.9 Radiation performance of the antenna

The radiation pattern of the antenna at the resonant frequency is depicted
in Fig.3.8.b. As mentioned earlier the pattern is similar to that of a dipole, but
with a 45° tilt. The tilt in the pattern is due to the asymmetry in the feed
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structure. The current distribution (Fig.3.17.) shows that the nearly equal X and
Y directed currents are responsible for the 45° tilt in the radiation pattern. This

also increases the cross polar level compared to conventional monopoles.
3.4.10 Unbalanced to balanced transformation in the Antenna —-Use of Balun

From the current distribution in the antenna shown in fig.3.17, it can be
seen that there is equal intensity current in the signal strip as well as the ground
strip and the antenna is behaving nearly as a dipole. In all the above studies the
antenna is directly fed using the coaxial connector. Since the Asymmetric
Coplanar Strip feed is a balanced feed and the coaxial connector an unbalanced,
the problem of unbalanced to balanced transformation arises. Hence a balun has

to be used to compensate for this unbalance.

Fig.3.22. Geometry of the ACS fed Monopole with a Microstrip — CPS Balun
Lp= 75 mm, Wp=47mm, L= 25 mm,w = 3 mm, Lg =21 mm,
Wy =7mm, L,m =17 mm,L=5mm, L,=5mm, Lz=5mm,
wi=2mm, w,=0.5mm, g = 0.3 mm, &,=4.4 ,h= 1.6 mm
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But in all the previous studies even though a balun is not used, the
antenna doesn't show any degradation in performance. In order to
substantiate this, the characteristics of the antenna are studied with and
without a balun in this section.

Fig.3.22 shows the geometry of a ACS fed monopole with the balun
mentioned in [4]. The Asymmetric coplanar strip fed monopole described in the
previous section [section 3.4] is studied with and without a balun. The back to
back S parameter characteristic of the microstrip to coplanar strip balunis given
in fig.3.23. It has to be noted that the back to back insertion loss twin balun
system is -1.4 dBi at 3 GHz. Thus a single balun system has an insertion loss
of -0.7 dBi.

¢ Port 2

=1 4

5 Parameters dB

— 51
— 311

Fort1

20 25 30 LY Lo L3 0
Frequency GHz

Fig.3.23. Back to back S parameters of the microstrip to CPS
transition
Lp= 75 mm, Wp=47mm, L= 25 mmw = 3 mm, Lg = 21 mm,
Wy = 7 mm, L = 17 mm,L=5mm, L,=5mm, Lz=5mm,
wi=2mm, w,=0.5mm, g = 0.3 mm, €,=4.4, h= 1.6 mm
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The return loss curve of the antenna with and without the balun is
shown in fig.3.24. Both the antennas resonate at around 3 GHz. The use of
balun excites higher order modes as shown in figure. Also a spurious
resonance at 3.8 GHz is excited owing to the balun configuration. From the
return loss curve it can be inferred that the antenna without the balun too
exhibits nearly same impedance matching as that of the antenna using the
balun.

Return Loss,dB

= \/\ith Balun
= \\lithout balun

=30 4

'35 1 T T I
2 3 4 5

Frequency,GHz

Fig.3.24. Return loss Curves of the antennas with and without the balun

Lp= 75 mm, Wp=47mm, L= 25 mmw =3 mm, Lg = 21 mm,
Wy = 7 mm, L, = 17 mm,L;=5mm, L>=5mm, Lz=5mm,
wi=2mm, w,=0.5mm, g = 0.3 mm, &,=4.4 ,h= 1.6 mm
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To explore the effect of the balun on the radiation characteristics of the
antenna the 3- D radiation pattern of the antennais studied and shown in fig.3.25.

The radiation pattern remains nearly the same in both cases as evident
from the figure. Here also the tilt in the pattern is noted. This tilt is due to the
asymmetry in the feed region of the antenna due to the use of the ACS feed.

The antenna with the balun has a gain of 2.87 dBi while that without
balun givesagain of 1.92 dBi.

The antenna with the balun has an efficiency of 94% while that without
the balun shows an efficiency of 90%.

(a) Antennawith balun (b) Antenna without balun

Fig.3.25. 3- D Radiation pattern of the antennas

The antenna with the balun shows an increased gain of 0.95 dBi with a4
% increase in efficiency. But it has to be noted that the overall size of the
antenna on a substrate of dielectric constant 4.4 and height 1.6 mm is 75 mm x
47 mm while that of the antenna without the balun on the same substrate is only
25mm x 24.5 mm. Thus the integration of a balun increases the size of the

antenna more than five times.
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Table 3.2 Comparison between the antennas with and without balun

Characteristics ACS fed Antenna ACS fed antenna
(With Balun) (Without Balun)
Resonance and At3.03(-18.1dB) At 2.94 GHz (-17.3 dB)

Return loss

Radiation Pattern E plane - Figure of Eight E plane - Figure of Eight
H plane —Non directional  H plane —Non directional

(BothTiltedby 45 ) (Both Tilted by 45°)
Gan 2.87 dBi 1.92 dBi
Area 75 mm x 47 mm 25 mm x 24.5 mm
gr=4.4, h=1.6 mm gr=4.4, h= 1.6 mm
Areareduction - Nearly 80 % compared to the
antenna with balun
Efficiency 94% 90%

Table 3.2 summarizes the difference between the antennas with and
without the balun. It can be seen that there is no appreciable enhancement in the
impedance matching of the antenna by using the balun. But the gain and
efficiency increases by 0.95 dBi and 4 % respectively These enhancements are
achieved at the cost of increased area. Thusit is the discretion of the designer to
choose the suitable configuration. The ACS fed antenna without the balun is
highly useful in applications where compactness is a great concern, but at the
cost of lesser gain. Since compact antenna design is our primary aim the balun

less configuration is taken for the study.

3.4.11 Conclusion

Finally it can be concluded that the Asymmetric Coplanar Strip Fed
antenna exhibits all the advantages of conventional monopoles with nearly
46 % area reduction except a tilt in the radiation pattern. Owing to the
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uniplanar nature many integrated devices can be embedded into these
antennas. All the reflection and radiation characteristics of the Asymmetric
Coplanar Strip fed antenna are similar to antennas using conventional

feeding mechanisms.
3.5 Asymmetric Coplanar Strip fed dual band antenna

The efficacy of the Asymmetric Coplanar Strip as the feed for a single
band antenna has been proved in the previous section. To confirm the ability of
this feed in multi band antennas, the design of Asymmetric Coplanar Strip fed
dua and multiband antennas are also presented and discussed in the following

sections.

This section deals with the design of asymmetric coplanar strip fed dual
band antenna. Creation of two different current paths is employed here for the

design of the dual band antenna
3.5.1 Design of the single band inverted L antenna

As mentioned in the previous section an ACS fed monopole resonates
when the total length of the structure is nearly equal to half of the dielectric
wavelength. For a given area, say L x W, maximum compactness is obtained
when the signal strip is bent in the form of an inverted L [5]. So an inverted L
monopole (Fig.3.26) is chosen as the starting design in the place of a ssimple
strip monopole.

It is amed to design a dua band antenna working at 2.4/5.2 GHz.
Therefore the total length of the inverted L structure plus the ground plane (Lg+
L, +L,) istaken equal to 0.55 times the dielectric wavelength corresponding to
2.4 GHz (Equation 3.8).
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Fig.3.26. ACSfed Inverted L antenna
Lg=155mm, w=3mm, Ly =21 mm, L1=16 mm, L,=19 mm,
Wg=5mm, g=0.5mm, &=4.4, h=1.6 mm

After a set of experimental and simulation studies it is found that for an
ACS fed inverted L antenna better performance is achieved when the length of
the horizontal arm (L) is nearly equal to the ground plane length (L) plus the
signal strip width (w). i.e.

This eventually helps to calculate the length of the vertical strip Ly To
validate the above assumptions a thorough study has been performed by
varying the height (L) to the strip length (L) of the antenna.

92



A symmetric Coplanar Strip fed Compact Antennas
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Fig.3.27.Return loss variation in the antenna with different lengths of
the vertical strip L1
Lg=155mm,w=3mm, Wg=5mm,g=0.5mm, =44,
h=1.6 mm
From fig.3.27 it can be concluded that best matching is obtained when
the height to horizontal strip length ratio (Li/L») is maintained nearly as
0.8.The matching deteriorates when the horizontal strip becomes too closer
to the ground plane (L; < 0.1Ag). The above observations are found to be
similar in the case of other inverted L structures like planar inverted

L antennas [5].

It has to be noted that the impedance matching of the antenna is affected
by the coupling between the strips Ly and L,. Typical variation of the

impedance curve with variation in L4 isshowninfig.3.28.
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2 GHz— 4 GHz
------------- L;=3mm
------------- L1=29mm
memmeemeemeees [ =23 mm
------------- Li=17mm
------------- Ly=11mm
------------- Li=3mm

Fig.3.28. Variation in the impedance of the antenna at different heights (L 1).
Lg=15.5mm,w =3 mm, Wg=5mm,g=0.5mm, ¢,=4.4,
h= 1.6 mm
The input impedance of the antenna varies with the shape and position of
the signal strip, Li. It can be seen that while the strip monopole is placed
vertically (L;= 35 mm, Fig.3.29 (@), the reactance of the antenna is capacitive.
As the strip is bent in the form of an inverted L (Fig.3.29(c)), the reactance
become more inductive. Better matching is observed when L,/L is maintained
nearly as 0.8 (Fig.3.29 b).
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(@ (b) (©)
Fig.3.29. various possible combinations of the ACS fed Antennas
Lg=155mm, w =3 mm, Wg =5 mm, g = 0.5 mm, g =44,
h= 1.6 mm (8L, = 35 mm,L,=0 mm (b) L,= 17 mm,L,=18 mm
(©) Ly;y=5mm,L,=20 mm
Note that in al the above studies, the ground plane length is chosen
purely based on the circuit requirements. Even though the length of the ground
plane plays an important role in determining the input impedance of the
Asymmetric Coplanar strip transmission line, the effect is found to be less for
larger ground plane lengths (Ly), compared to the signal strip width (w) as
mentioned in the previous section. The characteristic impedance mainly
depends on the width of the shorter strip (w in this case) and the gap g. This
gives flexibility to the designer to choose ground plane dimensions based on the

circuit constraints.

From the experimental and simulation studies the following design

conditions are derived for an ACS fed inverted L antenna
Lg + Lat L2 =055 Xd1, coveerrerreeeenenreieeeseneeese e (3.10)

The term L, + L1+ Lg denotes the total length of the signal strip and the
ground plane and Aq; is the dielectric wavelength corresponding to the first

resonance

Y (R V<) RO (3.11)
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The expression in 3.11 is the average dielectric constant. ¢, stands for the
dielectric constant of the medium. The term 1 in the equation denotes the
dielectric constant of air above and below the substrate.

The ground plane width Wjis taken nearly 0.3 times Ly as in the previous

section.
3.5.2 Reflection characteristics of the single band inverted L antenna

Using the above relations the dimensions of the ACS fed inverted L
antennafor 2.4 GHz isobtained as L, =19 mm, L, = 21 mm, Lg= 15.5 mm
and Wg= 5 mm, w=3 mm,g=0.5 mm and L=21 mm on a substrate of dielectric
constant 4.4 and height 1.6 mm. The return loss curve of the antenna so
obtained is as shown in fig.3.30.
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Fig.3.30. Return Loss characters of the inverted L antenna
L>=19 mm, L1=16 mm, Lg= 15.5 mm and Wy=5 mm. and
Ls=21 mm,w=3mm, €r = 4.4, h=1.6 mm

The antenna resonates at 2.33 GHz with good matching as shown above.
The 2:1 VSWR ranges from 2.18 GHz to 2.55 GHz.
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The current distribution in the antenna is as shown in fig.3.31. It is clear
from the figure that there exists a near half wave variation along the total length
Ly + L1+ L. Heretoo the current variation in the ground strip is along the edge

of the strip which doesn’t affect the asymmetric coplanar strip line mode.

Fig.3.31. Current distribution in the antenna
L>=19 mm, L,n=21 mm, Lg= 15.5 mm and W= 5 mm and
Ls=21 mm, er = 4.4, h=1.6 mm

3.5.3 Radiation characteristics of the single band inverted L antenna

The 3-D radiation pattern of the antennais shown in figure 3.32. Note that
the tilt in the pattern as in the case of the vertical strip fed by the ACS feed in
the earlier section (Fig.3.7.b) is absent. This is because the X directed currents
in the ground plane and in the strip L, are in opposite directions and cancel each
other in the far fields. Thus the current along the strip L; predominates;
producing pattern similar to a Y directed monopole. Thus the use of the
inverted L structure can reduce the overall size of the antenna and removes the
tilt of the radiation pattern. Thisis an important achievement.
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Fig.3.32. 3D radiation pattern of the inverted L antenna
L>=19 mm, Lm=21 mm, Lg= 15.5 mm and W= 5 mm,
er=4.4,h=1.6 mm
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Fig.3.33. E and H plane patterns of the inverted L antenna
The 2 D radiation pattern of the antenna at the centre frequency (2.33
GHz) is shown in Fig.3.33. A near figure of eight pattern is obtained in the E

plane. The cross polar level is found to be better than the ACS fed strip
monopole in the previous section
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The gain and efficiency of the antennais also measured. The average gain
of the antenna in the band is 1.9 dBi. The efficiency of the antenna is noted as
72 % at 2.33 GHz. The decrease in efficiency is due to the coupling between
the ground plane and the Strip L..

3.5.4 Design of the dual band antenna-Excitation of the second resonance

The next step is to excite another resonance at 5.2 GHz in the same

structure without affecting the compactness of the antenna.

An additional strip is attached to the above inverted L antenna as shown
in fig.3.34.The strip is added at the point of minimum field intensity so that the
first resonance is not perturbed. The position and length of the strip is taken in
such a way that the total resonant length due to the addition of the strip
(Lg+L1i+L2o) is nearly equal to 0.55 times the dielectric wavelength

corresponding to the second resonance.

The dimensions of the final antenna are taken as L, =19 mm, L, = 21 mm,

Lg=15.5mm, Wy =5mm, L1; =5 mm, L, = 4.5 mm, g=0.5mm and w =3 mm.

Fig.3.34. Final ACSfed F shaped dual band antenna
L>=19mm, .Ln =21 mm, Lg=15.5mm, Wyg=5mm, L1; =5mm,
Ly =45mm, w=3mm, r = 4.4, h=1.6 mm
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The effect of the position and length of the strip L, on the
characteristics of the antenna is studied and shown in Fig.3.35. The total
current path (Lg+L11+L2) is kept as a constant in the studies. As can be seen
from the figure the input impedance of the antenna is severely affected with
the position of the strip L,,. It can be noted that the reactance changes from
inductive to capacitive as the strip is moved away from the ground plane

(Increasing L1;) as shown below.
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Fig.3.35. Impedance variations in the antenna with the position of the
strip Lo
L> =19 mm, Lm = 21 mm, L4=15.5 mm, Wy =5 mm, w =3 mm,
g=05mmer=4.4,h=1.6 mm

3.5.5 Return Loss characteristics of the dual band antenna

The return loss characteristic of the resulting dual band antenna is shown
in fig.3.36. The antenna resonates at 2.33 GHz and 5 GHz with a 2:1 VSWR
bandwidth from 2.24 GHz to 2.55 GHz and from 4.64 GHz to 5.39 GHz with
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good impedance matching. The uniplanar nature and compact structure of the
antennamake it highly suitable for 2.4/5.2 GHz WLAN applications.

Comparing fig.3.36 and 3.30 it can be seen that the addition of the second

strip doesn’t produce any affect on the first resonance at 2.33 GHz.

Fig.3.36. Return Loss characteristics of the Dual Band F shaped antenna
L> =19 mm, .Lm =21 mm, Lg=15.5 mm, Wy =5 mm, g=0.5 mm,
w =3 mm, &r = 4.4, h=1.6 mm
The current distribution (fig.3.37) too confirms this observation.
Corresponding to the first resonance there is very little intensity in the

additional strip Lo,
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Fig.3.37. Current distribution in the fina ACS fed F shaped dua band
antenna. (a)At 2.33 GHz (b) At 5 GHz

3.5.6 Effect of the longer strip on second resonance

The effect of the strip L, on the second resonance has to be studied for the
better understanding of antenna performance. The variation in the return loss
characteristic with the length of the strip L is shown in fig.3.38. As expected
the first resonant frequency decreases with increase in the length of L,. Small
effect is seen in the case of the second resonance. This is due to the shift in the
position of minimum field intensity in the antenna owing to the variation of L,

102



A symmetric Coplanar Strip fed Compact Antennas

Return Loss,dB
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Fig.3.38. Effect of the strip L, on second resonance
Lm =21 mm, Lg=15.5 mm, Wy =5 mm, w =3 mm, g=0.5 mm
er=4.4,h=1.6 mm

3.5.7 Radiation pattern of the dual band antenna

L...Ph‘i

= Ph}

(a) (b)
Fig.3.39.3-D radiation pattern of the antenna
(a)At 2.4 GHz (b) At5 GHz

The 3-D radiation pattern of the antennaisshown infig 3.39.aat 2.4 GHz.
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There is not much change in the pattern corresponding to the first
resonance at 2.4 GHz (Fig.3.39 (a)).The pattern remains consistent as in the
case of the single band antenna (Fig.3.32.)

In the case of the second band the polarization of the antenna is tilted by
90° (Fig.3.39.(b)) Thepattern is similar to a X oriented dipole.

This can be explained from the current distribution in fig.3.37.(b).
Corresponding to the second resonance, the currents along the strips L, + La3
and Lq+L 11 are in opposite directions and they cancel each other in the far field.
The contribution is only the X-directed current in the strip L2,.This produces
the pattern asin fig.3.39.b.

The 2-D radiation patterns of the final dual band antenna for the two
bands are shown in fig.3.40. The cross polar level corresponding to the second
resonance is found to be high. This is evident from the current distribution
(Fig.3.32.b.). Note that even though the currents along the strips L, + L3z and
Ly +L11 cancel each other at the far fields, there is a dlight difference in the
current intensities in the strips Ly; and Lss.Thisis the cause for the higher cross

polar level in the second band.

The antennaiis polarized along the Y axis for the first band and along the
X axisfor the second band. This confirms the explanation given above.

The average gain of the antenna is 1.92 dBi in the first band and 2.2 dBi
in the second band respectively. Corresponding measured efficiencies of the
antennaare 73 % and 83 % at 2.33 GHz and 5 GHz respectively.
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(a)
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Fig.3.40.2-D radiation pattern of the antenna
(8) At 2.33 GHz (b) At5GHz
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3.5.8 Conclusion

The design of the Asymmetric coplanar strip fed dual band antenna was
thoroughly studied in this section. Bending the signal strip in the form of an
inverted L also removes the 45° tilt in the monopole mentioned in section

3.4.The antennais compact and exhibit good reflection characteristics also.
3.6 Compact asymmetric Coplanar strip fed multi band antenna

The design and analysis of Asymmetric coplanar strip fed triple band
antenna is presented in this section. The inverted L monopole in the previous
section is taken as the starting design. The technique employed here is the
production of different current paths by the insertion of a slot on awide patch.

3.6.1 Initial design — Single band Inverted L

The geometry of the inverted L antennaworking at 2 GHz isshown in Fig. 3.41

Fig.3.41. ACSfed Inverted L antenna
Lm=23mm Lz =20 mm, Lg = 16.5 mm and Wy = 6 mm,
w= 3 mm,W;=3 mm, g=0.5 mm, €r = 4.4, h=1.6 mm
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The dimensions of the antenna are taken as per the design equations given
in the previous section ( Equations 3.9 - 3.11).The calculated dimensions on a
substrate of dielectric constant 4.4 and height 1.6 mmare L, =23, L, =20

mm, Lg = 16.5 mm, w= 3 mm,W;=3 mm and Wy = 6 mm.

The return loss of the resulting antenna is shown in fig.3.42.The antenna

resonates at 2.08 GHz with good impedance matching.
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Fig.3.42. Return loss characteristics of the Inverted L antenna infig.3.41.
Lm=23mm, L, =20 mm, Lg = 16.5mm ,W, =3 mm, Wy =6 mm,
g=0.5 mm, w=3 mm,W,=3 mm er =4.4, h=1.6 mm
To explore the possibility of exciting different current paths in the
same structure the width of the strip W1 is increased keeping ‘L’ constant.
The result of increasing the width of the strip, W> is shown in dotted lines in
fig.3.43.
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It is evident from the figure that the widening of the strip doesn’t excite
additional resonances in this antenna. Also there is a dight increase in the
resonant frequency with the increase in the width W».This is due to the decrease
in the current path of the antenna because in all these studies L, is kept constant
so that the overall compactness of the antenna is not affected. As aresult as W,

increases, L1 decreases thereby increasing the resonant frequency.

m
=
] — W2 =3 mm,Lm =23 mm
8 .54 —— W2 =6 mm,Lm =23 mm
= — W2 = 9 mm,Lm =23 mm
= — N2 =12 mm,Lm =23 mm
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Frequency,GHz

Fig.3.43. Varying the width of the strip W,
Lm=23, L,=20mm, Ly=16.5mm Wy =6 mm, w=3 mm
0=0.5mm, er = 4.4, h=1.6 mm

Note that the matching of the antenna deteriorates as W, increases owing
to the increased coupling between the strips L, and Lg as discussed in the
previous section.

The next step to explore the possibility of exciting multiband resonance is
the introduction of dlot in the structure. To explore this method a slot of
dimensions X x Y (in this case 0.5 W, x 0.5 L) isinserted symmetrically in the
above strip L, x W, at different positions asin Fig.3.44.
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3.6.2 Slot Insertion - the position

Fig.3.44. shows the different configurations of the inverted antenna with
the symmetric slot.

-

(b)
(d)
(f)

(e)
Fig.3.44. Different positions of the slot
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Fig.3.45. Effect of dot insertion at different positions of the strip L, x W;
Lm = 23, L, = 20 mm, Lg = 165 mm Wy = 6 mm,
w=3 mm,g=0.5 mm, r = 4.4, h=1.6 mm, W;=15 mm
The return loss curves of the above antenna obtained by the insertion of
the slot are shown in fig.3.45.

Fig.3.45.a shows the return loss characteristics of the antenna without the
slot but with W; = 15 mm.

Symmetric insertion of the slot at the centre doesn’t produce much effect
in the resonances as evident from the curve 3.45. (b)

Inserting slots in the bottom (fig.3.44.c) and top position (fig.3.44.d)
shows the same effect asin curves 3.45. (c) and 3.45.(d).

Slot insertion as in Fig.3.44.(e) produces larger band width (curve 3.45.(¢e) ).

But this is smilar to the case of the F shaped dua band antenna discussed in the
previous section.
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Among all the above techniques predominant effect is noted only in the
last case (curve 3.45. (f)) and this structure is studied in detail.

The geometry of the final antennawith the slot is shown in fig.3.46.

Fig.3.46.ACSfed Inverted L antennawith the slot
Lm=23 L1=17mm, L, =22 mm, Ly = 16.5 mm, Wy = 6 mm,
W, =375, W1y =15 mm, Lo = 2 mm, X = 7.5 mm,Y = 10 mm,
er=4.4,h=1.6mm

3.6.3 Effect of Slot insertion in the antenna

Fig.3.47. shows the return loss characteristics of the antenna with and
without the slot. An additional resonance is excited in the final antenna with the
slot. The resonances in the antenna without the slot are at 2.23 GHz and 6.99
GHz. The insertion of the slot excites an additional resonance at 2.82 GHz in
addition to the above mentioned frequencies
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Fig.3.47. Return loss of the antenna with and without slot
Lm=23,L1=17mm, L =22 mm, Lg = 16.5 mm, Wy = 6 mm,
W, =375, W1 =15mm, Lo =2 mm, X =75 mm, Y = 10 mm,
er=4.4,h=1.6 mm

3.6.3.1 Current distribution in the antenna
(@) Antenna without the slot

The current distribution in the antenna without the slot is shown in
fig.3.48.a (i) and fig.3.48.a (ii). Corresponding to the first resonance there is a
half wave variation along the signal strip and the ground plane. Corresponding
to the second resonance there are three half wave variations along the edge of

the ground plane and the adjoining signal strip.

Note that there is no two half wave variation in the antenna. The second
mode is suppressed owing to the high input impedance corresponding to that
resonance. Thisis discussed in more detail in the next chapter.
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Fig.3.48.a. Current distribution in the antenna without slot insertion
(i) 219GHz  (ii) 7 GHz
Lm=23,L1=17mm, Ly =22mm, Lg=16.5 mm, Wy =6 mm,
W1=15mm, Lo =2 mm, er =4.4, h=1.6 mm

(b) Antenna with the slot

When a dot is inserted into the above structure an additional resonanceis
excited owing to the creation of a different current path. Current distribution

corresponding to this resonance shows a half wave variation around the slot as
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in fig.3.48.b.This idea is used in the design of the multi band antenna as
detailed in the following section.
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Fig.3.48.b. Field distribution in the antenna after ot insertion
(At 2.12 GHz (ii) At 2.92 GHz (iii) At 6.88 GHz
Lm=23,L1=17mm, L, =22mm, Lg=16.5mm, Wy =6
mm,W, =3.75, Wy =15mm, Lg=2mm, X =7.5mm,Y =11
mm, &r = 4.4, h=1.6 mm
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The above studies confirm that slot insertion is an effective way to induce
multiple resonances. To completely understand the behavior of the antenna a set
of studies were performed by varying the different parameters of the antenna as

given below.

3.6.4 Design and Analysis of the triple band antenna

Fig.3.49. Geometry of the proposed multi band antenna
Lg=19 mm, Wg=6 mm, S=3 mm, g=0.5 mm Lo=2.mm,
L;=19mm, W;=3.75 mm, L,=15 mm, W>,=11 mm, L3z=22 mm,
W5=3.75 mm,L; = 8mm,L; = 11mm, Ls=7.5 mm, Lg=11 mm,
er=4.4,h=1.6 mm

The geometry of the final multiband antennais shown in fig.3.49.
The ACS feed comprises of the ground plane of length Lg and width Wg
separated by a small gap g from the signal strip. The other parameters include

strips of dimensions L; x Wi, L, x W, and L3z x W3.The lengths of the

individual strips are optimized to resonate at the desired frequencies.
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Each of the above parameters are varied to study their effect in the
performance of the antenna.

3.6.4.1 Effect of the length of the slot Ls x Lg, (W, variation studies)

In this section the length of the slot is varied. This is brought about by
changing the width of the strip L, X W», since an increase in W, corresponds to

adecrease in the length of the ot Le.

As the length of the slot Lg increases, (W decreases) the second resonant
frequency decreases. But the first and third resonance nearly remains the same.
Thus this length is decisive as far as the bandwidth and merging of the first two
resonances are concerned. This implies that the second resonance greatly

depends on the slot dimensions.

From the study we have chosen the optimum value of W, = 8 mm

considering the merging of the first two resonances.

Return Loss,dB

-50 T T T
2 4 6 8
Frequency,GHz
Fig.3.50. Slot length variation studies
Lg=19 mm, Wg=6 mm, S=3 mm, g=0.5 mm Lo=2.mm, L1;=19mm,
W;=3.75 mm, L,=15 mm, Lz=22 mm,W>s=3.75 mm,L; = 8mm,
Ls=11mm, Ls=7.5mm, Le=11 mm, &r = 4.4, h=1.6 mm
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3.6.4.2 Effect of the width of the slot L5 x Lg

Variation in the width of the slot produces small variations in the first and
second resonances. But the third resonant frequency is dlightly affected by the
width of the dot. But varying L, is found to affect the first and second

resonances.
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Fig.3.51. Slot width variation studies, L5 variation studies
Lg=19 mm, Wg=6 mm, S=3 mm, g=0.5 mm Lo=2.mm, L;=19mm,
W=3.75 mm, L,=15 mm, W>=11 mm, Lz=22 mm,Ws=3.75 mm,
L7 =8mm,L4=11mm, Le=11 mm, er =4.4, h=1.6 mm

3.6.4.3 Effect of the horizontal strip L3 xXW3

The effect of the length of the horizontal strip L3 is studied in this section.
It can be seen that the second resonant frequency is mainly affected by the
length L3. Thisis because varying L3 also varies the length of the slot and hence
the current around the edges of the slot. The width of the strip W3 is also varied
and studied. The optimized width W3 is taken as 0.3 times L4 for maximum
bandwidth.
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Fig.3.52. Horizontal strip length L3 variation studies

Lg=19 mm, Wg=6 mm, S=3 mm, g=0.5 mm Lo=2.mm,
L=19mm, W;=3.75 mm, L,=15 mm, W,=11 mm, L3=22 mm,
W3=3.75 mm, L; = 8mm, Ly = 11mm, Ls=7.5 mm, Le=11 mm,
er=4.4,h=1.6 mm

3.6.4.4 Effect of the horizontal strip Ly xXW;

Varying the length of the strip produces variation in al the three
resonances as evident from fig.3.53. Thisis because there is current intensity in
this strip corresponding to all the three resonances. This is evident from the
current distribution in strip shown in fig.3.48.b.Increasing L, decreases al the
three resonances. It is aso found that the performance of the antenna
deteriorates when the length of this strip L1 is far different from the length of
the ground plane, Lg. The field distribution in the antenna gets perturbed in this
casei.e, when Liisfar different from Ly The width of the strip W1 is also varied
and studied. Small variations in the first and second resonances are noted. The

optimum width W is taken as 0.3 times L ;+S for maximum bandwidth.
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Fig.3.53. L; variation studies
Lg=19 mm, Wg=6 mm, S=3 mm, g=0.5 mm Lo=2.mm,
L:=19mm, W;=3.75 mm, L,=15 mm, W,=11 mm,
L3=22 mm,Ws=3.75 mm,L; = 8mm,L4 = 11mm, Ls=7.5 mm,
Le=11 mm, er = 4.4, h=1.6 mm

3.6.4.5 Effect of varying the separation Lo

The length L, denotes the separation of the strip L1 x W3 above the ground
plane Lg x Wy. It can be seen that varying Lo affects the three resonances. The
first resonance and the third resonance are mainly due to the strips L; x W7 and
Lgx Wy and hence they are affected by L. variation. The second resonance first
increases and then decreases with L. Also this separation affects the merging of
the first two bands. In this case the optimized spacing istaken asLo= 2 mm for
best performance.
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Fig.3.54. Effect of varying the separation Lo
Lg=19 mm, Wg=6 mm, S=3 mm, g=0.5 mm Lo=2.mm,
L:=19mm, W;=3.75 mm, L,=15 mm, W,=11 mm, L3z=22 mm,
W3=3.75 mm,L; = 8mm,L4 = 11mm, Ls=7.5 mm, Le=11 mm,
er=4.4, h=1.6 mm

The dependence of the ground plane on antenna characteristics is also
an important aspect while realizing the antenna into practical circuits.
Hence the dimensions of the antenna are also varied and studied as shown
below.

3.6.4.6 Effect of varying ground plane width W(g

Increasing the width of the ground plane increases the bandwidth of the
third resonance as evident from fig.3.55. It can be seen that there is only a small
change in the first two resonant frequencies. The optimized dimension of the
ground plane is taken as Wy = 0.3Lgy, considering the compactness and the

merging of the first two resonances.
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Fig.3.55. Ground plane width, Wg variation studies
Lg=19 mm, S=3 mm, g=0.5 mm Lo=2.mm, L;=19mm,
Wi=3.75 mm, L,=15 mm, W,=11 mm, L3=22 mm,

W3=3.75 mm,L; = 8mm,Ls = 11mm, Ls=7.5 mm, Ls=11 mm,
er=4.4, h=1.6 mm

3.6.4.7 Effect of varying ground plane length L,

Thisis one of the critical factors affecting the compactness of the antenna.
As the length of the ground plane Ly is increased the first and third resonant
frequencies shift to the lower side. This decrease in resonant frequency is
because the first and the third resonances are mainly due to the combined effect
of the signl strip and the ground strip L; X W, . Similar effects were noted in the
case of L; The second resonance is not much affected since this resonance is

due mainly due to the currents around the slot.

The above inferences are to be kept in mind while realising the antenna
into circuit boards.
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Fig.3.56. Ground plane length , Lg variation studies
Lg=19 mm, Wg=6 mm, S=3 mm, g=0.5 mm Lo=2.mm,
L,=19mm, W;=3.75 mm, L>=15 mm, W>=11 mm, L3=22 mm,
W3=3.75 mm, L7 = 8mm,L, = 11mm, Ls=7.5 mm, Le=11 mm,
er=4.4,h=1.6 mm

From the above parametric studies and from the current distributions in

the antenna the following conclusions can be reached.

The first resonance is mainly due to the strips Lg X Wg, L_XS, Lix Wy

and L, x W». A half wave variation is noted along these strips corresponding to
this resonant frequency. The second resonance is due to the current path
through the outer edge of the slot and there is aso a haf wave variation

corresponding to the resonance aong the length L, + L5 +L6. The third

resonanceisdue Ly+ Lo+ L1 and thislength is equal to 1.30 times the dielectric
wavelength at that frequency. i.e,
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R T (3.12)
I‘4 * I‘5 +L6 =0.50 }‘dz ....................................................................................................... (3.13)
Lg * Lo * L1 =1.30 de ..................................................................................................... (3.14)

whered . A, ad % . are the dielectric wave length corresponding to the first,

second and third resonant frequencies.

To confirm the validity of the above studies a triple band antenna working
at 1.8GHz/2.4 GHz/5.5 GHz is designed as per the above equations.

The antenna has an overall dimension of 28 x 30 mm? including the
ground plane when constructed on a substrate of dielectric constant 4.4 and

thickness 1.6 mm.
3.6.5 Reflection characteristics

The measured return loss characteristics of the prototype antenna are
shown in Fig.3.57. The simulation results obtained from Ansoft HFSS is
also depicted. The experimental curve obtained shows that antenna has three
resonances at 1.74 GHz, 2.34 GHz and 5.58 GHz respectively. The first two
bands coalesce to give a wide bandwidth of 62 % (1.32 GHz to 2.50 GHz,
1188 MHz) while the third band has a bandwidth of 17 % (5.13 GHz to 6.08
GHz, 960 MHz).
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Fig.3.57 Return loss characteristics of the antenna
Lg=22.5 mm, Wg=7 mm, S=3 mm, g=0.5 mm Lo=3.4.mm,
L1=21.5mm, W;=6.5 mm, L,=17.6 mm, W=7 mm, L3=26 mm,
W3=6.38 mm, Ls = 19 mm, Ls=4.85 mm, Lg=16.5mm, L=28
mm, W=30mm, &r = 4.4, h=1.6 mm.
The current distributions in the antenna for the three resonant frequencies
are depicted in fig.3.58. As mentioned earlier predominant variations are seen in

the gtrips Lg X Wy, L0 X S, L1 x W1 and L, x Wy, corresponding to the first
resonance. In the case of the second resonance the variation is along L4 + L5 + L6

while the third resonance is along the length Lg + Lo + Ll.
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Fig.3.58. Current distribution in the final antenna
(a) At 1.74 GHz (b) At 2.34 GHz and (c) At 5.5 GHz
Lg=22.5 mm, Wg=7 mm, S=3 mm, g=0.5 mm Lo=3.4.mm,
L1=21.5mm, W1=6.5 mm, L,=17.6 mm, W>,=7 mm, L3=26 mm,
W3=6.38 mm, Ls = 19 mm, Ls=4.85 mm, Lg=16.5mm, L=28
mm, W=30mm, &r = 4.4, h=1.6 mm.
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3.6.6 Radiation characteristics

The 3-D radiation pattern of the antennais shown in fig.3.59.
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Fig.3.59. 3-D radiation pattern of the multiband antenna
(a) At 1.74 GHz (b) At 2.34 GHz and (c) At 5.5 GHz

The radiation pattern is similar to that of a dipole in at the first resonance.
This is nearly smilar to the case of the inverted L antenna mentioned in the
previous section. The pattern corresponding to the second resonance, due to the
dot, exhibits null. The third resonance is due to higher harmonic and is somewhat
distorted. The measured 2-D radiation pattern is aso shown in fig.3.60.
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Fig.3.60.2-D radiation pattern of the final antenna
(a)E plane pattern at 1.74 GHz (b) H plane pattern at 1.74 GHz
(c)E plane pattern at 2.34 GHz (d) H plane pattern at 2.34 GHz
(e)E plane pattern at 5.5 GHz  (f) H plane pattern at 5.5 GHz
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The cross polar level of the antennais comparatively higher compared to
the previous designs. This is due to nearly equal current in the X and Y
directions corresponding to the three resonances. Also the half power beam
width of the antenna in the first band is 40° in the E plane and 80° in the H
plane. In the second band they are around 80° in the E plane and 30° in the H
plane and the for the third band the measured HPBW:s are 100° and 110° along
E and H planes respectively.

The polarization of the antenna is also experimentally determined and it

is found that the antennais polarized along the Y direction for the three bands.

—— cu—
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~ — — —
2_\

Gain (dBi)
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———Simulation

14 16 18 20 22 24
Frequency (GHz)

Fig.3.61. Measured and simulated gain of the triple band antenna in the
first band

The measured and ssimulated gains of the antenna in the two bands are
given in fig.3.61 and 3.62. The gain in the band remains almost constant. The
antenna has an average gain of 2.5dBi in the first band and 1.95dBi in the
second band. The efficiency of the antennais 85 % at 1.74 GHz, 80 % at 2.34
GHzand 77% at 5.5 GHz .
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Fig.3.62. Measured and simulated gain of the triple band antenna in the
second band

3.6.7 Conclusion

The chapter provides a detailed study of the Asymmetric coplanar strip
fed antennas. Various planar feeding mechanisms have been explored. The
Asymmetric coplanar strip is chosen as the best suited for feeding compact
uniplanar antennas. Single band, dual band and multi band antennas are
designed using the above feed and studied thoroughly. These antennas exhibit
good radiation and reflection characteristics. The ACS fed antenna designs
gives 46 % area reduction compared to other designs using conventional feeds

and are thusideal candidates for compact wireless applications.
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ASYMMETRIC COPLANAR STRIP FED
ULTRA COMPACT ANTENNAS

4.1 Introduction

4.2 Planar ACSfed inverted L antenna

4.3 Planar ACSfed shorted inverted L antenna

44 Planar ACSfed shorted inverted L antennawith the dot

45 Asymmetric Coplanar Strip fed ultra compact
Triple band antenna

4.6 Asymmetric Coplanar Strip fed ultra compact
antennafor low frequency wireless applications

4.7 Modified Design of the DVBH antenna for mobile
communication applications

Contents

The chapter presents the design and development of Asymmetric coplanar strip
fed Ultra compact antennas with sizes of the order of Ag/5 x Ay/18 and less. The
previously studied inverted L antenna is taken as the starting design here also.
This design is effectively modified for constructing ultra compact antennas for
RFID/GSM and DVB-H applications.

4.1 Introduction

The present day wireless communication devices require ultra compact
designs owing to the drastic decrease in Size of wireless gadgets. Metamaterial
based structures, electronic band gap based designs etc are being devel oped to cater
to the growing demands of compact antennas. But they offer low band width and

are difficult to be mounted in practical devices. Also this increases the cost and
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complexity of the gadget as a whole. Hence designers are still in search of viable

alternatives for designing ultra compact ultrawide band antennas.

In this chapter the design and development of ultra compact planar antennas
using the Asymmetric coplanar strip feed is discussed in detail. Emphasisis given
to the design of the feed as well as the radiating structure by effectively using the
entire real estate available for antennas. As a result wide band compact designs of
the order of A¢/5 X A¢/18 and less with smple structures have been redlized. The
antennas exhibit good reflection and radiation characteristics in the entire operating
band and can be effectively used in compact wireless gadgets.

4.2 Planar ACSfed inverted L antenna

To design the ultra compact antenna the inverted L monopole discussed in
the previous chapter is taken as the starting design. A simple inverted L strip
excited by the ACSisshownin Fig.4.1

Lo

v

W Lg

Fig.4.1. ACSfed Inverted L antenna
L1=20 mm, L>=42mm, W=3 mm, L4 =38.5, Wg = 6 mm,g =0.5 mm,
h=1.6 mm, ¢, =4.4
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The centre conductor of the coaxial connector is connected to the point S
and the ground to S1. The dimensions of the antenna are chosen for operating at
1.1 GHz.

The return loss curve of the antenna is shown in fig.4.2. The antenna
resonates at 1.17 GHz and 3.6 GHz. Note that the impedance matching is poor
compared to the previous inverted L antenna because the design criteria given
in the previous chapter (chapter 3) is not completely considered here (only the
total length, L= Lg+L1 + L, is taken to be equal to 0.55 times the dielectric

wavel ength corresponding to the first resonant frequency).

Return Loss,dB

-10 4

-12 T T

Fig.4.2. Return Loss curve of the ACSfed Inverted L antenna
L1=20 mm, L,=42mm, W=3 mm, L4 =38.5, Wg = 6 mm,
g =0.5mm, h=1.6 mm, ¢, =4.4

The current distribution of the antenna is given in fig.4.3. The modes
excited are indentified to be of the first and third order from the figure.
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4.2.1 Current distribution in theinverted L antenna

. Current distribution in the antenna at 3.56 GHz

L1=20 mm, L,=42mm, W=3 mm, L4=38.5, Wg = 6 mm,g =0.5 mm,

h=1.6 mm, ¢, =4.4
The figure clearly shows the excitation of one half wave variation
corresponding to 1.17 GHz (Fig.4.3.a) and three half wave variations
corresponding to 3.56 GHz (Fig.4.3.b.).It is interesting to note that the second

harmonic is not excited.

To explore the reason for the absence of the second harmonic the input
impedance of theinverted L antennais studied.
4.2.2 Input Impedance variation in theinverted L antenna

The input impedance of the antennain the entire band is plotted in fig.4.4.
From the figure it can be seen that the input impedance of the antenna
corresponding to the second harmonic is high of the order of 600 Q.
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700
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200 -
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Frequency,GHz

Fig.4.4. Input impedance of the ACS fed inverted L antenna
L1=20 mm, L,=42mm, W=3 mm, Wy =38.5, Lg = 6 mm,
g=0.5mm, h=1.6 mm, ¢, =4.4

The above behavior can be explained by approximating the inverted L
antenna as a two wire transmission line with the signal strip connected to one

terminal and the ground plane to the other. The schematic is shown in fig.4.5.

Fig.4.5. Schematic of the ACSfed inverted L antenna
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Corresponding to the second order mode the total length of the
transmission line becomes nearly equal to Aqy2. Thisis similar to the case of an
open ended transmission line having a length Ay2.The input impedance of such

atransmission lineis given by
|Zia| S Z4 COUBL) v (4.1)

where Zj, is the input impedance, Z, is the characteristic impedance, B is the
phase constant and L is the length of the transmission line. The phase constant 3

isgiven as

Where )4 is the dielectric wavelength

When the length L approaches Ay2, the input impedance approaches
infinity.
A similar effect is noted in the case of the ACS fed inverted L antenna and

this causes the input impedance to be high corresponding to the second harmonic.

If the above assumption is true the reverse phenomena should occur when
the open ends of the ACS fed antenna are shorted. i.e, the input impedance
should be high for odd modes.

To study this effect the signal strip is shorted to the ground plane as
shown in fig.4.6.
4.3 Planar ACSfed shorted inverted L antenna

The validity of the above assumption also necessitates the excitation of
only even modes in the case of shorted inverted L antenna. Hence the inverted

L strip is bent and shorted to the ground plane as shown in Fig.4.6.
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< L2

L

A4

W I

Fig.4.6. ACSfed loop antenna
L1=20 mm, L,=42mm, L3=20 mm W=3 mm, L4 =38.5,
Wg =6 mm, g=0.5 mm, h=1.6 mm, ¢, =4.4
The return loss curve of the above antenna is shown in fig.4.7. The
resulting antenna resonates at 2.58 GHz with good matching.

Return Loss,dB
(= 2]

1 2 3 4
Frequency,GHz

Fig.4.7. Return Loss characteristics of the ACS fed shorted inverted L
antenna

L:=20 mm, L,=42mm, Ls=20 mm W=3 mm, L, =385, Wg = 6 mm,
g=0.5mm, h=1.6 mm, g, =4.4
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To identify the mode excited the current distribution in the antennais also
plotted.

From the current distribution in the antennain fig.4.8 the excited mode is

identified to be of the second order.
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Fig4.8. Current distribution in the shorted inverted L antennaat 2.57 GHz

L1=20 mm, L,=42mm, W=3 mm, L4 =38.5, Wg = 6 mm,g =0.5 mm,
h=1.6 mm, ¢, =4.4

Also from the return loss curveit is clear that the first and third harmonics
at 1.1 and 3.5 GHz respectively are not excited. The input impedance of the
antenna in this configuration is also plotted in fig.4.9. From the figure it is
evident that the input impedance corresponding to the first harmonic is very
high (capacitive reactance) compared to the second harmonic and hence is not
excited. The impedance of the third harmonic is aso high (capacitive

reactance).
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3000
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1500 A
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Fig.4.9. Input impedance of the ACS fed shorted inverted L antenna
L1=20 mm, Lo,=42mm, L3=20 mm W=3 mm, L4 =38.5, Wg =6 mm,
0=0.5mm, h=1.6 mm, &, =4.4

4.3.1 L4,Lsvariation studiesin the shorted inverted L antenna

To find out the possibility of compensating the input impedance
(changing the coupling) by varying the height of the geometry of the
structure, the length of the strips L; and L3 are varied simultaneously as
shown in fig.4.10. But these variations do not bring about much effect in the
impedance and hence the matching of other harmonics are not improved.
Only the impedance matching of the second mode is affected. Also the

resonant frequency decreases with increase in the value of L; and L.

The impedance curve in fig.4.9 shows very high capacitive reactance
corresponding to the first harmonic. To compensate for this high capacitive
reactance, a viable technique will be to suitably insert a small dot in the
structure. Thus a narrow dlot is inserted in the shorted inverted L antenna. The
geometry of the resulting structure is shown in the next section in fig.4.11.
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-10 A

Return Loss,dB

m— L1,L3 =14 mm
— | 1,L3=17 mm
— L1,L3 =20 mm
— | 1,L3 =23 mm
— |1,L3 =26 mm

-15 -
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Fig.4.10.Variation of L4, L3in the Loop antenna
L1=20 mm, Lo,=42mm, L3=20 mm W=3 mm, L4 =38.5, Wg = 6
mm, g=0.5 mm, h=1.6 mm, ¢, =4.4

The position of the dot is chosen to be at the point of minimum current
intensity obtained from fig.4.8.

44 Planar ACSfed shorted inverted L antenna with the slot

-

|=
N

Fig.4.11. ACSfedinverted L antennawith the dit ‘¢’
L1=20 mm, L,=42mm, L3=20 mm, L4 =24 mm, W=3 mm,
c=1mm, Ly=13.5 Wg =6 mm, h=1.6 mm, ¢, =4.4
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The geometry of the antenna with the dlot is shown in the fig.4.11.The
dimensions of the slot are chosen as C x Wy The insertion of the slot excites
dual resonances centered at 830 MHz and 2.58 GHz with good impedance

matching. The return loss of the antennais shown in fig.4.12.

Return Loss,dB

= Antenna with the slot

-25 4

-30 T T
1 2 3 3

Frequency,GHz

Fig.4.12. Returnlosscurve of the shorted inverted L antennawith the dot
L1=20 mm, L,=42mm, L3=20 mm, L4 =24 mm, W=3 mm,
c= 1mm, Ly=13.5 Wg=6mm, h=1.6 mm, & =4.4

4.4.1 Impact of the position of the slot

From fig.4.8 it can be seen that there are two positions of current
minimum in the antenna structure. The first position is obviously in the

ground strip along Lg. The second current minimum position is along
the strip Lo.

To find out the impact of the postion of the dot, the return loss
characteristics of the antenna (with the dot in both the positions of minimum
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current intensity) are shown in fig.4.13. It can be observed from the figure that the
better matching for the first resonance is noted when the dot isinserted in the strip
Lg. Also the second resonance is shifted to the band of interest (2.4 GHz WLAN)

Hence the antennawith the dot aong L4 is chosen as the final design.

Return Loss,dB

== S|ot insertion in Lg

25 == Slot insertion in the strip L2
-30 T T T
1 2 3 4
Frequency,GHz

Fig.4.13. Return loss of the inverted L antennas with the dlot ‘c’ at
different positions

L1=20 mm, L3=20 mm, L =24, w=3 mm, ¢ = 1 mm, Wg = 6 mm,

h=1.6 mm, g, =4.4
The input impedance of the final antenna with the slot is shown in
fig.4.14. Comparing with the input impedance of the shorted inverted L antenna

in fig.4.9, it can be seen that the high impedance corresponding to 900 MHz has
been nullified by the dlot.
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The resulting impedance, after slot insertion, corresponding to the third
harmonic is found to be capacitive and hence it is not excited.

500

400 o

300

200 4

Impedance,ohms

100 A

0 T T T
1 2 3 4

Frequecy,GHz

Fig.4.14.Input impedance of the ACS fed inverted L antenna
L,1=20 mm, L,=42mm, L3=20 mm, L4 =24 mm, W=3 mm,
c=1mm, Lg=13.5 Wg=6 mm, h=1.6 mm, ¢, =4.4

To clearly understand the characteristics of the antenna and to obtain
optimum dimensions a thorough study has been performed by varying the

different parameters of the slot.

4.4.2 Effect of position of the slot

The position of the dot highly determines the characteristics of the two
resonances. The variation in the return loss characteristics of the antenna for
various positions of the dlot ‘¢’ from the feed point is shown in Fig.4.15.
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The first resonance nearly remains the same in all the cases and therefore
it can be concluded that this resonance is due to the total length of the inverted

L structure.

Return Loss,dB

— g =22.5 mm
-25 1 e | g = 25.5 mm
— g =28.5 mm
_an 4 — Lg =31.5 mm
9 == Lg = 34.5 mm

1 2 3 4
Frequency,GHz

Fig.4.15. Slot position variation studies
L.=20 mm, L,=42mm, Ls=20 mm, L4 =3 mm, W=3 mm,c=1
mm, Wg = 6 mm, h=1.6 mm, ¢, =4.4

The second resonance varies with the position of the slot. It is found that
as the dot is moved away from the current minimum position, along both sides,
the resonant frequency increases. It is observed that the insertion of the sot at
high current intensity positions perturbs the field distribution in the antenna
thereby increasing the resonant frequency. Best performance is obtained when
the slot is inserted nearly at Lg= 13.5 mm (i.e, when Lg =0.13 L, where L =
L,+Lo+Ls+L4+Lg isthetota length of the loop structure).

It can be observed that a small range of frequency tuning is possible for

the second resonance by shifting the slot on either sides of the optimum slot
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position. In this case the second resonant frequency can be varied by 10% by
varying the position of the slot without deteriorating the matching of the first
and the second resonances. This is highly desirable while realizing the antenna

for practical applications.

The current distributions in the antenna for the two resonances are given
in fig.4.16. A clear half wave variation can be seen in the entire structure
corresponding to the first resonance and two half wave variations can be

observed corresponding to the second resonance.
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Fig.4.16.b. Current distribution at 2.58 GHz

L,=20 mm, L,=42mm, L3=20 mm, L4 =3 mm, W=3 mm,
c=1mm, Wg=6mm, Lg=13.5 mm, h=1.6 mm, & =4.4

145



Chapter-4

4.4.3 Effect of Slot width

The influence of the width of the slot in the impedance matching of the
antennais shownin fig.4.17.

Return Loss,dB

-30 T .
1 2 3 4

Frequency,GHz

Fig.4.17.Variation in the response of the antenna with the slot width ‘c’
L1=20 mm, L,=42mm, L3=20 mm, L4 =3 mm, W=3 mm,
c=1mm, Wy =34.5Lg=6mm, h=1.6 mm, & =4.4

The impedance matching of the first resonance changes appreciably with
the width of the slot. The matching deteriorates with larger slot widths owing to

the increase in capacitive reactance. In the case of this design the optimum slot
width istaken as 1 mm.

There is also a dlight variation in the first resonance aong with the dot
width. This is due to the variation in the total length of the antenna. The effect
of the dlot is found to be less in the case of the second resonance. From the
above studies the following inferences can be drawn upon.
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The first resonance is due to the total length of the loop structure

i.e L1+|_2+L3+L4+|_g S 0.5 AL eererrrrrrrrrerrerrerrererrrarrrrr i ———————— (43)

The second resonance corresponds to the second harmonic and is given

by
R D I I o i DL ST (4.4)

where Ag1 and A4, are the dielectric wavelengths corresponding to the first and

second resonant freguencies.

From exhaustive experimental and simulation studies the ratio of L1/L is

maintained as 0.5 for better performance.

In the case of the second resonant frequency, the resonance can be varied
by 10% by changing the position of the slot without deteriorating the matching

of thefirst and the second resonances.

It has to be noted that the antenna is resonating at 870 MHz and 2.5 GHz
which are nearer to the 900/2400 MHz frequency bands. These bands are of
high interest to designers working in the field of RFID antennas. Also the
antenna occupies ultra compact dimensions of 42 mm x 20 mm on a substrate
of dielectric constant 4.4 and height 1.6 mm. These dimensions come to the
order of Ag/5 X Ag/18, corresponding to the lowest working frequency of the
antenna. The antenna also has moderately larger band width and impedance
matching which is very difficult to achieve using the conventional design
methodologies reported in literature. Moreover, the design is ssmple and
uniplanar. All the above factors portray the antenna as an ideal choice for

compact wireless applications.
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The inferences obtained from the above studies are used to design a dual
band antenna for RFID applications in the UHF/2.4GHz bands. The dimensions
are optimized as L1=14 mm, L,=48 mm, Lg=30.5 mm, Lz =14 mm,L,=13 mm,

W =3 mm, Wg = 6 mm, c=1 mm, h=1.6 mm, g =4.4.
4.4.4 Reflection characteristics of the ACSfed dual band antenna

The return loss characteristics of the dual band antenna are shown in
fig.4.18. The antenna operates with a 2:1 VSWR bandwidth from 800 MHz to 1
GHz and from 2.24 GHz to 2.50 GHz with good impedance matching. The
antenna can be effectively used for the RFID applications in the 860 to
930MHz band and in the 2.4 GHz range.
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Fig.4.18. Return Loss characteristics of the dual band antenna
L1=14 mm, L,=48 mm, Wy=30.5 mm, L3 =14 mm,L,=13 mm,
W =3 mm, Wg = 6 mm,Lg = 30.5 mm,c=1 mm, h=1.6 mm, &, =4.4.
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4.4.5 Radiation characteristics of the ACS fed dual band antenna

The 3-D radiation patterns of the antenna for the two resonances at 860
MHz and 2.4 GHz are shown in fig.4.19.
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Fig.4.19. 3-D radiation pattern of the antenna at (a) at 860 MHz (b) at 2.4 GHz

The 2 -D radiation patterns of the antenna are shown in fig.4.20. The
cross polar levels are found to be high in the case of the second band owing to
equal intensity X and Y directed currents in the antenna, which is evident from
the current distribution in fig.4.16.b.

The gain of the antennais found to be 0.6 dBi at 860 MHz and 2.1 dBi at
2.4 GHz with an efficiency of 42 % and 74 % respectively.
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Fig.4.20.b 2-D Radiation pattern of the antenna at 2.4 GHz
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To conclude it is worth to note that this compact antenna has a size of
only 48 mm x 14 mm when printed on a substrate of dielectric constant 4.4 and
height 1.6 mm. The experimental 2:1VSWR bandwidth ranges from 800 MHz
to 1 GHz (23 %) and from 2.24 GHz to 2.50 GHz (11%) easily covering the
UHF/2.4 GHz RFID bands. The uniplanar nature and the ultra compact size is
also an added advantage. The antenna has an overall size of only A¢/5 X A4/18
corresponding to the lowest operating frequency, which is far better than the
corresponding Metamaterial based and related designs [1]. The antenna also has
moderate gain and efficiency in the operating bands which is superior to other
compact antenna designs.

45 Asymmetric Coplanar Strip fed ultra compact Triple band
antenna

The antenna mentioned in the previous section was intended for dual band
operations. In this section the design and development of a triple band antenna
intended to work in the 900/1800/2400 MHz communication bands is
presented.

To design the triple band antenna the method employed here is the
creation of an additional current path. A simple technique is the addition of a
simple strip to the existing design at the point of minimum electric field

intensity without affecting the dual band nature of the antenna.

To find out the position of minimum field intensity the electric field
distribution a dual band antenna working at 860 MHz and 2.4 GHz is studied
and given asfig.4.21.

45.1 Electric field distribution in the dual band antenna

Fig.4.21.a. shows the electric field distribution in the dua band antenna
at 860 MHz and Fig.4.21.b show the same at 2.4 GHz.
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(a)Electric field intensity in the antenna at 860 MHz
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(b)Electric field intensity in the antenna at 2.4 GHz

Fig.4.21.Electric field distribution in the dual band antenna

L;=14 mm, L,=48 mm, Wy=30.5 mm, L3 =14 mm,L,=13 mm,
W =3 mm, Wg = 6 mm,Ly = 30.5 mm,c=1 mm, h=1.6 mm, &, =4.4.

From the electric field distributions it can be inferred that the predominant

locations of minimum field intensity are aong the strips Ly, L3, Lsand Lg for

the two resonances (Fig.4.11).

Hence the additional strip may be attached to any of the strips L, L3, L4

or Ly Considering the compactness of the antenna, the location of the additional

strip is chosen to be at the intersection of the strips L, and L3.The resulting

antenna geometry isgivenin fig.4.22.
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4.5.2 Modified Dual Band antenna for triple band operation

Fig.4.22. Geometry of the triple band antenna
L;=14 mm, L,=48 mm, Wy=30.5 mm, Lz =14 mm,L,=13 mm,

Ls=11 mm, W =3 mm, Wg = 6 mm, Ly = 30.5 mm, c=1 mm, h=1.6
mm, €, =4.4,

The antenna shown above resonates in three bands centered at 855 MHz,

2.35 GHz and 4.92 GHz with good impedance matching The return loss
characteristic of the antennais shown in fig 4.23.
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Fig.4.23. Returnloss curve of the triple band antenna
L1=14 mm, L,=48 mm, Wy=30.5 mm, L3 =14 mm,L,~=13 mm, W =3 mm,
Wg =6 mm,Ly=305mm, Ls=11 mm =1 mm, h=1.6 mm, €, =4.4.
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It can be seen that the first two resonances remains nearly unaltered even
after the insertion of the additional strip.

It can be seen that the length of the additional arm, Ls is equal to a quarter
of the dielectric wavelength corresponding to the excited additional resonance
at 4.9 GHz.

To bring down the additional resonance to the frequency band of interest
the length of the additional strip has to be increased. Simply increasing the
length of Ls increases the overal dimensions of the antenna. Hence the

additional strip is bent in the form of an inverted L as shown in fig.4.24.

L

W Lg ‘ L4

Fig.4.24. Geometry of the triple band antenna
L1=14 mm, L»,=48 mm, Wy=30.5 mm, Lz =14 mm,L,=13 mm,
Ls=11 mm, W =3 mm, Wg = 6 mm,Ly = 30.5 mm, c=1 mm,
h=1.6 mm, &, =4.4.

154



Asymmetric Coplanar Strip fed Ultra Compact Antennas

But bending the strip as shown in figure deteriorates the matching of the
new resonance .Thisis due to the coupling between the strips L, and L.

Hence to find an optimum spacing between the strips a series of variation
studies have been performed keeping the total length of Ls + Lg as a constant.
Thisisgiveninfig.4.25.

453 Lsvariation studies

The current length (Quarter wavelength) required for the additional
resonance at 1.8 GHz is nearly 27.5 mm. Hence the total length of the strips Ls

+ Lg is taken as 27.5 mm and various lengths of Ls are used to study its
influence in antenna performance.
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Fig.4.25. Ls variation studies in the triple band antenna
L1=14 mm, L,=48 mm, Wg=30.5 mm, L3 =14 mm,L4=13 mm,
W =3 mm, Wg =6 mm,Lg = 30.5 mm, c=1 mm, h=1.6 mm, &, =4.4.
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From the variation study in fig.4.25, best performance is noted when
Ls is kept as 16 mm in this antenna. This is obvious since increasing the
length of Ls reduces the coupling between the strips L, and Ls But this
increases the overall size of the antenna. Therefore Ls =11 mm is chosen for
this antenna as an optimum length keeping in mind the coupling and
compactness size of the antenna. The optimum value of Ls /L = 0.66 is
selected for this antenna.

4.5.4 Final Ultra compact triple band antenna

Ls

W L, T

Fig.4.26. Geometry of the Final ultra compact triple band antenna
L1=14 mm, L»=48 mm, Wz=30.5 mm, L3 =14 mm,L,=13 mm,
W =3 mm, Wg = 6 mm, Lg = 30.5 mm, Ls=11 mm,Ls =16.5 mm ,
¢c=1 mm, h=1.6 mm, &, =4.4.
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From exhaustive simulation and experimental studies it is noted that the

matching corresponding to the second resonance is still low. The input

impedance corresponding to this resonance is capacitive. To compensate for

this impedance the length of the strip L1 is extended by alength L; as shown in

fig.4.26.This method is found to be effective in improving the overal

performance of the antenna without affecting the compactness. The strip L7 acts

as a stub thereby improving the matching of the antenna.

The variation of the return loss of the antenna with the length of the strip

L7 is shown in fig.4.27.This study is used to find the optimized dimension of
thestrip L.
04
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Fig.4.27. Variation of return loss characteristics with the length of thestrip L7
L1=14 mm, L,=48 mm, Wg=30.5 mm, L3 =14 mm,L4=13 mm,
W =3 mm, Wg = 6 mm,Ly = 30.5 mm, Ls=11 mm,Lg =16.5 mm,
c=1 mm, h=1.6 mm
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The experimental and simulated return loss curves of the final triple band
antenna are shown in fig.4.28. The antenna resonates in three bands from 820
MHz to 1.09 GHz, from 1.69 GHz to 1.90 GHz and from 2.39 GHz to 2.58
GHz with a 2:1 VSWR bandwidth easily covering the GSM 900/1800 and 2.4
WLAN bands.

Fig.4.28. Experimental and simulated return loss curves of the final ACS
fed ultra compact triple band antenna
L1=14 mm, L,=48 mm, Wyg=30.5 mm, L3 =14 mm,L,=13 mm,
W =3 mm,Wg =6 mm, Ly = 30.5 mm, Ls=11 mm,Ls =16.5 mm,
L7=8 mm, c=1 mm, h=1.6 mm, €, =4.4.

To confirm the resonant paths the surface current distributions in the

antenna for the three resonances is studied and is shown in fig.4.29.
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4 5.5 Surface current distribution in the antenna
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Fig.4.29.Surface current distribution in the antenna for the three

resonances

(a)At 900 MHz (b) At 1.8 GHz. (c) At 2.4 GHz

L1=14 mm, L,=48 mm, Wg=30.5 mm, L3 =14 mm,L,=13 mm, W
=3 mm, Wg = 6 mm, Ly = 30.5 mm, Ls=11 mm,Ls =16.5
mm,L;=8 mm,c=1 mm, h=1.6 mm, &, =4.4.
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Fom the current distribution in the antenna the following design equations

are derived

The first resonance is due to the total length of the loop structure

S IR e o e o I o o R O (4.5)

The second resonance corresponds to a quarter wave variation in the

additional strip and is given by
I I 012 ST SRSPR (4.6)

The third resonance can be calculated as

L1+|_2+L3+|_4+|_g Y Ve T (47)

Where 41, Mgz @nd Aq, are the diel ectric wavel engths corresponding to the first,

second and third resonant frequencies.

It has to be noted that in the case of the third resonant frequency, the
resonant frequency can be varied by 10% by changing the position of the slot
without deteriorating the matching the three resonances.

Another attraction is that the overall dimensions of the triple band
antenna is of the order of Ay/5 x Ag/10 corresponding to the lowest operating
frequency.

4.5.6 Radiation characteristics of thefinal triple band antenna

The 3 D radiation patterns of the antennafor the three bands are shown in
fig.4.30.
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Fig.4.30. 3-D Radiation pattern of the antennafor the three resonances
(a)At 900 MHz (b) At 1.8 GHz. (c) At 2.4 GHz
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The measured 2 D radiation pattern for the three bands are also shown in
fig.4.31.

Fig.4.31. 3-D Radiation pattern of the antennafor the three resonances
(a)At 900 MHz (b) At 1.8 GHz. (c) At 2.4 GHz
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The average gain is found to be 0.7dBi at the 900 MHz, 2.5 dBi at 1.8
GHz and 2.2 dBi at 2.5 GHz with efficiencies of 43%, 69% and 74%
respectively.

The above results prove that the antenna can be efficiently used for the
design of compact multiband antennas for wireless devices. The overal
dimensions of the triple band antenna on a substrate of dielectric constant 4.4
and height 1.6 mm is 24 mm x 48 mm. In terms of the lowest operating
frequency the size comes to be around Ay4/5 X A4/10.

4.6 Asymmetric Coplanar Strip fed ultra compact antenna for
low frequency wir eless applications

The previous sections dealt with the design and development of ultra
compact Asymmetric coplanar strip fed antennas in the 900/1800/2400 MHz
bands. In this section the above technique is effectively used to design a highly
demanding DVB-H antenna.

The evolution of multitude of services along with voice communication
has created greater challenges to designers. Television was the only service
missing from mobile phones until recently. But this deficit has also been

cleared recently with the innovation of DV B-H services.

DVB-H stands for Digita Video Broadcast - Hand held. DVB-H
comprises of not only television broad casting, but also data broadcasting for
many users with a single service. It makes possible to provide movies, news,
music, weather forecasts and other public services via a single service channel
with a bandwidth of 8 MHz for each channel. DVB-H system uses the
frequency range from 470 MHz to 702 MHz, i.e, a bandwidth of 40 percent in
the lower UHF region. Today one of the most challenging task before antenna

designersisthe design of ultra compact antennafor DVB-H applications [2,3]
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The antenna has to be compact and should be integrated inside the limited
space available in a mobile phone. There is no specific criterion for the return
loss, but the antenna gain should be better than -10 dBi to -7 dBi over the band
470-702 MHz. The typically realized designs occupy area of nearly 135 mm x
80 mm (Nokia 7700 DVB-H hand set ) [4].

In this section an attempt is made to realize an ultra compact antenna
which can operate in the DVB-H range. A modification of the previous shorted
inverted L antenna with the slot may be an efficient choice for the above
application (fig.4.32)

4.6.1 Ultra compact antenna for DVB-H applications

X
Ly
L,

Fig.4.32. ACSfed inverted L antennawith theslot ‘c’
L1=20 mm, L»,=58 mm, L3=20 mm, L, =25.5 mm, W=3 mm,
c=1mm, Lg=28, Wg =7 mm, h=1.6 mm, ¢, =4.4
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The total length of the loop stricture is chosen to be nearly equal to a half
of the dielectric wavelength corresponding to the centre frequency at 600 MHz.
The return loss of the antenna is shown in fig.4.33. The 3.5:1 VSWR of the
antenna ranges from 510 MHz to 710 MHz which is better than the currently
reported compact designs.
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Fig.4.33.Return loss characteristic of the ACS fed inverted L antenna
with thedot ‘¢’
L,=20 mm, L,=58 mm, L3=20 mm, L4 =25.5 mm, W=3 mm,
c=1mm, Lg=28, Wg =7 mm, h=1.6 mm, ¢, =4.4
The impedance matching needs to be improved in the entire DVB-H
band. Increasing the width of the slot decreases the impedance band width

along with increase in the resonant frequency as seen in fig.4.17.

After a series of Simulation and experimental studies it is found that
inserting a small dlit SxS, as shown in fig.4.34, increases the impedance
matching along with decrease in resonant frequency. The position and
dimensions of the dlit is optimized for good impedance matching.
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Fig.4.34.ACSfed inverted L antenna with the additional dlit
L1=20 mm, L»,=58 mm, L3=20 mm, Ls =5 mm, Ls = 24 mm,
S =4mm, ;=1 mm, W=3 mm, ¢ =1 mm, Ly =28, Wg = 7 mm,
h=1.6 mm, ¢, =4.4

The return loss curves of the two antennas are shown in fig.4.35.
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Fig.4.35.Return loss characteristics of the ACS fed antenna with and
without the additional dlit
L1=20 mm, L,=58 mm, L5=20 mm, L4 =5 mm, Ls= 24 mm,Cy = 4mm,
Cy=1mm, W=3mm, c=1mm, Ly =28, Wg=7mm, h=1.6 mm, €, =4.4
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4.6.2 Reflection characteristics of the Ultra compact antenna for DVB-H
applications
The antennaiis realized on a substrate of dielectric constant 4.4 and height

1.6 mm. The experimental and simulated return loss curves of the final antenna
with the ot are also shown in fig.4.33.

The antenna exhibits a 3.5:1 VSWR from 460 MHz to 740 MHz covering
the entire DVBH spectrum.
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Fig.4.36.Return Loss characteristics of the ACSfed inverted L antennawith
the additional the dit

L,=20 mm, L,=58 mm, L3=20 mm, L4 =5 mm, Ls = 24 mm,
Cx =4mm, C;= 1 mm, W=3 mm, c =1 mm, Lg =28, Wg =7 mm,
h=1.6 mm, ¢,=4.4
The current distribution in the antenna for the resonant frequency is
shown in fig.4.37.There is a half wave variation in the entire antenna structure

corresponding to the resonance at 600 MHz.
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It is interesting to note that the antenna occupies a dimension of only 58
mm x 20 mm on a substrate of dielectric constant 4.4 and height of 1.6 mm. In
terms of the dielectric wave length of the lowest operating frequency the size

comes to be only Ag/7 X Ag/22.
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Fig.4.37. Current distribution in inverted L antenna with the additional dit
L1=20 mm, L,=58 mm, L3=20 mm, L4 =5 mm, Ls = 24 mm,
Cx =4mm, C,= 1 mm, W=3 mm, c=1mm, Ly =28, Wg =7 mm,
h=1.6 mm, &, =4.4

4.6.3 Radiation characteristics of the Ultra compact antenna for DVB-H
applications

The 3-D radiation pattern of the antenna at 600 MHz is shown in
fig.4.38. It can be seen that the pattern is similar to the case of the previous

dual band antenna.
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Fig.4.38. 3 —D radiation pattern of the final ACS fed antenna for DVBH
applications at 600 MHz.

The 2-D radiation pattern of the antenna at 600 MHz is presented in
fig.4.39. The antenna exhibits nearly dipole like pattern with a figure of eight in
the E plane and nearly non directional in the H-plane. The E-plane HPBW is
around 70°. The computed efficiency of the antennais 23% at 600 MHz.

Fig.4.39. 2 — D radiation pattern of the ACS fed DVB-H antenna
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The measured gain of the antenna is given in fig.4.40. The dotted line
shows the required DVB-H specification. As mentioned earlier as per the
DVBH specification the gain of the antenna should be better than -10 dBi to -7
dBi over the band from 470-702 MHz It can be seen that the ACS fed antenna

has higher gain than the specification in the entire operating band.
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Fig.4.40. Realized gain of the antenna along with the DV B-H specification

4.6.4 Conclusion

The above studies depict the capability of the ACS fed antenna in low
frequency applications. Note that the overal dimension of the antenna is only
A/ 7 X Ag/22. But the radiation and reflection performance of the antenna is far
better than the conventional designs. Moreover the simplicity in the design also
portraysit as viable aternative to present day DVB —H antennas.

4.7 Modified Design of the DVBH antenna for mobile communication
applications

The modified desgn of the ACS fed DVB-H antenna for mobile
communication application is presented in this section. This modification is made
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keeping in mind the use of the antenna in a typical handset. The modification is
brought about by dividing the structure into two layers. One layer is printed on the
side of the large reflector or the larger ground plane of the mobile gadget while the
other layer is printed side by side along with other circuitry.

Description of Antenna Geometry: Fig 4.41 shows the geometry of the
antenna. The antenna is fed directly using a 50 Q coaxia cable. The central
conductor is connected to the point s; and the ground is connected to the point s,.
The dimension of the top layer is51.5 mm x 7 mm. The top layer is etched side
by side in the PCB aong with the other circuitry (fig.4.42.a)

The bottom layer is etched on the inner side of the mobile phone cover as
shown in figure. Both the layers are connected by a via of diameter 0.5 mm and
length, v = 4 mm. The antenna can be considered as a folded loop structure. A 1
mm slot isinserted in the top layer at Lg to enhance the matching (fig.4.42.b) as

in the previous case.

Reflector or / (@)
back cover of

the device

(b)

Fig.4.41. Geometry of the antenna
(a) Overdl view of the final DVBH Antenna (b)Top view of the
final DVBH Antenna
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Fig.4.42.Geometry of the proposed antenna

a. Geometry of the bottom layer
b. Geometry of the Top Layer
L 1:20 mm, L2:58 mm, L_=17.5mm, L4 =25 mm, W=3 mm,

c=1mm, Lg =7 mm, Lg =255 mm, Wy =7mm, h=1.6 mm,
€ =4.4,v=4mm

4.7.1 Reflection characteristics of the modified DVB-H antenna

The simulated and experimental return loss characteristics of the antenna
are shown in fig.41.The The 3.5:1 VSWR of the antenna is from 436 MHz to
711 MHz covering the entire DVBH bands.

Note that the antenna gives good performance even without the insertion
of the additional dot asin fig.4.43.
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Fig.4.43. Experimental and simulated return loss curves of the modified
DVB-H antenna

L1:20 mm, L2:58 mm, L3=17.5 mm, L4 =25 mm, w=3 mm, ¢ =1 mm,
Lg =7 mm, Lg =255 mmWg =7mm, h=1.6 mm, ¢ =4.4, viav =4 mm

In terms of the lowest operating frequency the size of the antenna
comes to be A4/8 x Ag/23.Als0 it is interesting to note that the dimensions
of the top layer is only A4/9 X L4/66.

The current distribution in the antenna at the resonant frequency is shown
in fig.4.44. A half wave variation of current intensity is observed in the entire
structure.
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Fig.4.44. Simulated current distribution in the modified DVBH antenna
L 1:20 mm, L2:58 mm, L3:17.5 mm, L4 =25 mm, W=3mm, c=1 mm,

Lg =7 mm, Lg=25.5mmWg=7mm, h=1.6 mm, ¢ =4.4,v=4mm

After a series of experimental and simulation studies the design equation

of the antennaiis derived as

L AL ALl VLG = 052 s (4.8)

Where A, corresponds to the wavelength in the substrate at the resonant
frequency and v isthe vialength.

Theratio of L1/L, ismaintained as 0.3 for better performance.

4.7.2 Radiation characteristics of the modified DVB-H antenna

The 3-D radiation pattern of the antenna is shown in fig.4.45.1t can be
noted that there is no appreciable change in the radiation pattern of the antenna
even after the modification of the geometry.
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Fig.4.45.3-D Radiation pattern of the antennaat 610 MHz
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The 2-D radiation pattern of the antenna at 610 MHz is shown in figure.4.46.
A Dipolelike pattern is obtained. The pattern remains nearly the same as that of the
previous design. The efficiency is computed as 26% at 610 MHz
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Fig.4.46. 2-D Radiation pattern of the antenna at 610 MHz
L 1:20 mm, L2:58 mm, L3:18 mm, L4 =25mm,W=3mm,c=1

mm, Lg =7 mm, Lg=25.5mmWg=7mm, h=1.6 mm, ¢ =4.4,
Separation =4 mm
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The measured gain of the antennais plotted in fig.4.47. The gain is higher
than the DVBH specifications (shown in dotted lines).
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Fig.4.47. Gain of the modified DVB-Hantenna
4.7.3 Conclusion

An ultra compact DVBH antenna with overall dimensions of the
order of Ly/8 X A4/23 is presented. The bottom layer can be easily is printed
on the back side of the mobile phone cover. The antenna has a 3.5:1 VSWR
bandwidth from 436 MHz to 711 MHz covering the entire DVBH
spectrum. The simple structure and high conformability of the antenna
together with moderate reflection and radiation characteristics portray it as

an ideal candidate for mobile DV B-H application.

These designs underlines the potential of ACS feed in compact

antenna designs compared to conventional design techniques.
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Chaprer 9
CONCLUSION AND FUTURE PERSPECTIVE

5.1 Thesishighlightsand contributions
5.2 Sotlinefed antennas

5.3 Scope of future work

Contents

This chapter highlights the accomplishments and achievements of the research
work, A sum up of the results and the directions for future study are also

discussed

5.1 Thesishighlightsand contributions

This chapter stands as a brief conclusion of the thesis. It also highlights

the objectives of the study and the achievements attained.

The aim of the thesis was to design highly compact uniplanar antennas
which can be easily fabricated. The conventionally used coplanar wave guide
fed antennas cannot easily cater to the growing requirements of ultra compact

antennas.

On a broader sense an antenna can be considered as composed of a feed
and a radiator, even though they cannot be segregated in practice. The feed acts
as an interface between the radiator and the coaxial connector and is essential

for the proper functioning of the antenna. The radiating element primarily
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determines the reflection and radiation characteristics of the antenna. But in
compact antennas such a division is untrue since the feed as well as the radiator

together determines the reflection and radiation characteristics.

In this thesis emphasis is given both to the design of the feed as well as
the radiator. The Asymmetric coplanar strip (ACS) — a compact uniplanar feed
is chosen in place of the conventional coplanar wave guide. Various designs are
studied using this feed to design different compact and ultra compact antennas

highly useful for practical applications.
5.1.1 The Asymmetric coplanar strip fed antennas

The choice of the Asymmetric coplanar strip (ACS) as a feed in place of
the conventional coplanar wave guide (CPW) feed is one of the important
highlight of the Thesis. From comparative studies it is proved that the ACS fed
antennas exhibit nearly the same characteristic as compared to antennas fed by
conventional feeding techniques like the CPW barring a tilt in the radiation
pattern. For the efficient use of this feed in place of the conventional ones,
exhaustive simulation and experimental studies are performed.

From the studies the following conclusions are reached upon in the case
of ACS fed strip monopoles. These inferences are used to design compact

Single band, Dual band and triple band antennas as discussed in chapter 3.
The following inferences are obtained from the study of the ACS fed strip
monopole.

1) The resonance is due to the combined length of the signal strip and the

ground plane.

2) Better performance is noted when the length of the ground plane is

kept nearly equal to the signal strip length.
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Thus the ground plane contributes to the radiation and acts as part of the
feed. The designs with baluns are also studied. Much difference in the
performance is not seen. It remains upto the designer to choose the antenna with
or without the balun according to his constraints of area since the usage of

balun requires larger area.

The strip monopole is then bent in the form of an inverted L to achieve
further compactness (Fig.5.2.b). The dimensions of the inverted L antenna are
optimized for better performance. It is interesting to note that the tilt in the
pattern as in the previous case is removed in this design

a

I c
Fig.5.1. Asymmetric Coplanar Strip fed compact antennas

a. ACS fed Single band antenna b. ACS fed inverted L antenna
c. F shaped dual band antenna  d. ACS fed Triple band antenna

This single band inverted L is further modified to a dual band antenna by
adding an additional strip at the position of minimum current intensity. This
gives an F shaped dual band antenna (Fig.5.1.c).
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The width of the signal strip of the inverted L shaped antenna is further
modified and along with the insertion of a slot to produce the multi band

antenna in (Fig.5.1.d.).

All the above compact designs have an overall size of Ay/4 X Ag¢/4.These
studies are elaborately presented in chapter 3. The rapid development of
wireless communication demand further ultra compact designs. This is also

discussed elaborately in the thesis in chapter 4.
5.1.2 Asymmetric coplanar strip fed Ultra compact antennas

The ACS feed can be used for the design of ultra compact antennas. The
signal strip is bent in the form of a loop. The resulting reactance is balanced by
the insertion of a proper slot at the appropriate position. This results in a ultra

compact antenna with overall dimension in the order of A4/5 X A4/18 (Fig.5.2.a).

The above dual band antenna is properly modified to design a triple band
antenna by adding an additional strip at the current minimum position as in the
earlier case. The resulting antenna covers GSM 900/1800 and 2.4 GHz WLAN
bands with dimensions of the order of A4/5 X A¢/10 ( Fig.5.2.b.).

Fig 5.2. Asymmetric Coplanar Strip fed Ultra compact antennas
(a) Dual Band b) Triple band

5.1.3 ACSfed Ultra compact antennasfor DVB-H applications

The recent introduction of DVB-H services has fostered a great need for

compact antennas for designing compact devices. The above designs are
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suitably modified to design ultra compact antennas for DVBH applications. A
highly compact antenna having dimensions of the order of A¢/7 X A4/22 is
presented (Fig.5.3.a). The antenna exhibits good reflection and radiation

characteristics and is highly suitable for DVB-H applications.

The above design is further modified into a dual layer with a eye on
practical applications (Fig.5.3.b). This facilitates further compact design so that
only 24/8 x A4/23 of the PCB space is needed for the DVB-H antenna. The top

layer is more compact of the order of A4/9 X A4/66.

Fig 5.3. Asymmetric Coplanar Strip fed Ultra compact antennas
(a) DVBH antenna 1 b) Top view of the modified DVBH antenna

5.2 Slot linefed antennas

In addition to the Asymmetric Coplanar Strip feeding technique another
uniplanar feed which has received recent attraction is the Slotline feed.

The Slot line may be considered as a complementary of the coplanar wave
guide. The main advantage of this transmission line is the ease for mounting

active and passive circuits into these lines.

Two different slot line fed designs (slot line fed dipole (Fig.5.4.a) and slot
line fed dual band antenna (Fig.5.4.b)) are also studied in the thesis and is given

as appendix.
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(a) Dual Band antenna (b) dipole antenna

Fig.5.4. Slot line fed antennas

5.3 Scope of futurework......

The Asymmetric coplanar strip is an effective candidate for the
design of compact antennas and it has been proved by the studies presented
in the thesis. The practical use of the device into mobile phones and other
compact devices require further optimizations. Also the introduction of the
antenna into a practical circuitry with ICs, resistors, capacitors, cameras,
speakers etc are expected to create variations in the performance. This has
to be practically tested and the antenna has to be fine tuned for best

performance.

Also the need for an “Universal Antenna” which can support the existing
mobile communication bands along with the DVB-H bands is in a rise. As a
future challenge the design of an ACS ultra compact “Universal Antenna” can

be seriously looked upon.

The reduction of radiation towards users head while using the antenna in
practical mobile phones may also be conducted by suitably loading with
metamaterials. Other different compact designs using metamaterials can also
be worked upon
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In short the Asymmetric coplanar strip feed antennas opens up new and
interesting arenas for the design of simple miniaturized antennas for an antenna

designer which are cost effective and can be easily fabricated.
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Slot line fed planar dipole antenna with a
parasitic strip for wide band applications

In addition to the Asymmetric Coplanar Strip feeding technique another

uniplanar feed which has received recent attraction is the Slotline feed.

As mentioned in chapter 3, the slot line may be considered as a complementary to
the coplanar wave guide. The main advantage of this transmission line is in the
ease of mounting active and passive circuits into these lines. Here the width of
the slot and the height of the substrate determine the characteristic impedance of

the slotline for a particular substrate.

In this section the use of the slot line to feed a dual band antenna and a dipole is

discussed.

1. Introduction

Dipole antennas are attractive for wireless applications due to a host of
applications like simple design, excellent radiation pattern etc. Normally printed
dipoles are excited using a microstrip line [1-3]. Recently uniplanar dipoles
have received wide attention due to advantages like ease of fabrication and
integration of active circuit elements [4-5]. Most of the reported designs have
either a double layer structure or a balun configuration [6]. Since antennas are
nowadays embedded in the circuit boards, simple cost effective and easily

printable designs are preferred.

While feeding the dipole with an balanced feed like a microstrip line or a

coaxial cable, the need of a balun arises. This increases system complexity and
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also the overall dimension of the antenna. Recently printed self balancing
folded dipole antennas devoid of baluns have gained attraction [7-9] due to their

compactness and simplicity.

In this section a simple planar dipole fed using a slot line [10 -11] is
presented The antenna exhibits good matching and radiation characteristics
similar to antennas using baluns even though it doesn’t have any complicated
baluns or other matching networks

The design and development of a slot line fed planar dipole antenna with
a parasitic strip for wide band applications is presented in this section. The
presented antenna offers a 2:1 VSWR bandwidth from 1.66 GHz to 2.71 GHz
covering the DCS/PCS/UMTS and IEEE 802.11b/g bands with a gain better
than 6.5 dBi. The uniplanar design, simple feeding technique and higher gain

make it a versatile antenna for wireless applications.

Exhaustive experimental and simulation studies have been performed to

understand the characteristics of the antenna.
2. Slot linefed Dipole antenna

A simple dipole fed by the slot line feed is shown in Fig. 1. The
dimensions of the slot line are taken from standard design equations [12] The
dipole arms have a total length of A4/2 (2 Ly) and width of 0.05 A4 (W) where A4
is the dielectric wavelength corresponding to the resonant frequency. The dipole
is fed by a slot line of length slightly greater than A4/2 and width 0.1 A4 with a
separation gap ‘g’ =0.5 mm. The signal strip of the coaxial cable is connected
to F1 and the ground to F2. The dimensions are chosen after a series of

experimental and simulation studies.
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L, L

Fig. 1. Slot line fed Dipole, L4=32 mm, w=5 mm, L=35 mm, W=10 mm,
S=5mm, g=0.5 mm g=4.4 and h=1.6 mm
The return loss characteristic of the resulting antenna is shown in fig.2.

The antenna resonates at 1.7 GHz with 22 % band width from 1.65 GHz to 2.05
GHz (Fig.2).

Return Loss,dB

Experiment
Simul ation

26

=30

1.0 1.5 20 2.5 2.0

F requency, GHz
Fig. 2. Return loss characteristics of the dipole antenna shown in Fig.1.

Ls=32 mm, w=5 mm, L=35 mm, W=10 mm, S=5 mm and
9=0.5 mm &=4.4 and h=1.6 mm
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The measured radiation pattern is shown in fig.3. It can be seen that a
normal dipole like pattern is obtained.

The gain of the antenna is also measured. A gain better than 4 dBi in the
entire operating band is noted. The enhancement in gain may be due to the
reflecting effect of the slot line feed.

Fig.3. Principal E and H plane patterns of the dipole shown in Fig.1.
Lg=32 mm, w=5 mm, L=35 mm, W=10 mm, S=5 mm and g=0.5 mm
&=4.4 and h=1.6 mm

To find out the resonant current path in the antenna the current
distribution in the antenna is also studied (fig.4).

The Field distribution shows a half wave variation along the length of the
strip at 1.7 GHz.
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Fig. 4. Computed field distribution in the dipole antenna shown in Fig.1.
Lg=32 mm, w=5 mm, L=35 mm, W=10 mm, S=5 mm and g=0.5 mm
&=4.4 and h=1.6 mm

3. Parametric analysisof thedot linefed dipole

The dependence of the resonant frequency on the slot line length L; is shown
in Fig. 5. There is only slight variation in the resonant frequency with L; But when
the slot line length L, is halved, the 3 dB beam width is increased by 30° due to
increased radiation towards the slot line with a slight reduction in the gain by 0.8

dBi. The radiation patterns of the antenna for L; and 0.5L; are given in fig.6.

‘ N — — — | t=31 mm
42 4 Hy: —— v | =33 MM

— =30 T
— Li=37 mm
............... Lt=39 mm

Return logs dB

14 4

-16

-18

Frequency GHz

Fig.5. Variation of resonant frequency with lateral strip length L; of the
dipole antenna shown in Fig.1.
Lg =32 mm, w=5 mm, L=35 mm, W=10 mm, S=5 mm and g=0.5
mm &=4.4 and h=1.6 mm
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Fig.6. Principal E and H plane patterns of the antenna with different slot
line lengths L;
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The influence of the slotline length L; on the resonant frequency was
studied and it was observed that the resonant frequency decreases as the dipole

length increases similar to an ordinary dipole.

Fig.7. Variation of resonant frequency with lateral strip width W; of the
dipole shown in Fig.1.
L¢=32 mm, w=5 mm, L=35 mm, W=10 mm, S=5 mm and g=0.5
mm g=4.4 and h=1.6 mm

The variation of the resonant frequency of the dipole with lateral slot
width W, and separation distance ‘S’ is shown in figures 8 and 9.In both
cases there is no shift in the resonant frequencies but the matching
conditions are severely affected Hence from parametric studies the optimum
width is taken as Wt = 0.1 Ay and‘S’ as 0.05 Aq mm considering the

compactness of the antenna.
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Fig.8. Variation of resonant frequency with the separation‘s’ of the
dipole sh
Lg=32 mm, w=5 mm, L=35 mm, W=10 mm, S=5 mm and
9=0.5 mm &=4.4 and h=1.6 mm

m
=
i
m
3
=
=
g )
1 —_——— = Wi= Gmm
——————— Wi= 2 mm
5 ' — 0= A0 mm
............... YWi= 12 mm
-12 — e W= 4 mm
=20 T T T
1.0 1.5 20 25 20

Frequency,GHz
Fig.9. Variation of resonant frequency with lateral strip width W;

L4=32 mm, w=5 mm, L=35 mm, W=10 mm, S=5 mm and
09=0.5 mm &=4.4 and h=1.6 mm
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The above studies confirm that the slot line as an efficient excitation for
strip dipole and the resulting antenna retains all the characteristics of a dipole
without the need of any additional circuitry. The lateral width L; of the slot line
can be chosen based on the user requirements like enhanced gain or pattern

front to back ratio without affecting the resonant frequency.
4. Final antenna- Sot linefed dipole antenna with a paragtic strip

The dipole antenna mentioned above has relatively narrow bandwidth. To
increase the bandwidth of the antenna a parasite is introduced in the structure
[13]. The optimized design with the parasite exhibits nearly 50 % bandwidth

with enhanced gain.

L

Fig. 10. Slot line fed Dipole with the parasitic strip
L4=32 mm, w=5 mm, L=35 mm, W=10 mm S=5 mm and g=0.5
mm, Lp =35 mm, &=4.4, h=1.6 mm.
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The geometry of the antenna with the parasite is shown in Fig. 10. The
dipole has a total length of Ad/2 and width of 0.05 A4 The dipole is fed using a
slot line having lateral slot length L; = 0.27 A4 W; = 0.1 A4 with a gap

‘g’ =0.5mm. A parasite having length Lp = 0.27 A4 is placed at a separation
‘S’equal to 0.05 A4 from the dipole.

E xperiment
Simulation HFSS

Feturn loss (dB)

2.5 3.0
Freguency, (GHz)

Fig.11. Return loss characteristics of the final antenna
L¢=32 mm, w=5 mm, L=35 mm, W;=10 mm S=5 mm and g=0.5 mm,
Lp =35mm, &=4.4, h=1.6 mm.

The measured return loss using HP 8510C network analyzer is
compared with the simulation results in Fig 11. The 2:1 VSWR band of the

antenna is from 1.66 GHz to 2.71 GHz, which offers a bandwidth of 50 %. A

detailed study has been performed to determine the effect of the parasite in
this case.
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5. Parametric analysisof thefinal dipole with the parasite

It is well known that the position, length and loading height of the
parasite determine the matching conditions of the antenna. The input

impedance at the second resonance is greatly affected by the parasite
length (fig12).

Similar effects are noted with variation in parasite position along Y

axis (Fig.13.). The loading height of the parasite is also optimized to be
equal to ‘S’

Feturn Loz dB

] T
1.0 14 2.0 25 3.0

Frequency GHz

Fig.12. Variation of resonance with parasite length, Lp of the final antenna
L4=32 mm, w=5 mm, L=35 mm, W=10 mm S=5 mm and
g=0.5mm, Lp =35 mm, &=4.4, h=1.6 mm
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Return Loss,dB
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Fig. 13. Variation of resonances with the position of the parasite in the
final antenna
L¢=32 mm, w=5 mm, L=35 mm, W=10 mm S=5 mm and g=0.5
mm, Lp =35 mm, &=4.4, h=1.6 mm

In addition to impedance matching it can be seen that when the parasite
is kept off centered, the 3 dB beam width gets reduced and the measured gain
shows an increase of around 0.6 dBi. Hence the off centerd parasite is chosen in
the final design.

The simulated field distribution in the antenna is shown in Fig. 14. Fig
14.a. shows the field variation at 1.69 GHz. The field is concentrated only on
the dipole arms and a half wave variation corresponding to 1.69 GHz is
observed along the length of the dipole. But at 2.56 GHz (14.b.) a half wave
variation of the induced field is observed in the parasitic strip. These results
confirm that the lower resonance is due to the dipole arm length and the higher

resonance is due to the parasitic strip.
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Fig. 14. Field distribution in the final antenna. (a) At 1.69 GHz (b) At

2.56 GHz
Lg=32 mm, w=5 mm, Li=35 mm, W=10 mm S=5 mm and
g=0.5 mm, Lp =35 mm, &=4.4, h=1.6 mm

The principal E and H plane patterns of the antenna are shown in Fig. 15.

and polarized along the X axis for both the bands.

It can be seen that the pattern remains almost stable in the entire operating band
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(a)

Fig 15. Principal E and H plane patterns of the antenna
(a)at 1.69 GHz (b) at 2.56 GHz
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The measured gain of the antenna in the entire operating band is greater
than 6.5 dBi (Fig. 16).This higher gain is due to the directive effect of the
parasitic element. Also the addition of the parasite reduces the broadness of the

pattern thereby increasing the gain of the antenna.

Fig. 16. Measured Gain of the final antenna

Conclusion

An uniplanar parasitic loaded wideband dipole antenna for
DCS/PCS/UMTS IEEE802.11b/g applications is presented and discussed. The
antenna is fed by a simple slot line without using baluns or other transitional
structures. The dipole retains all the properties of an ordinary dipole but with an
enhanced gain due to effect of the slot line and the parasitic strip A detailed
study of the various parameters affecting the antenna characteristics is also
presented. The design can be scaled and effectively used for the constructing
high gain wideband printed antennas for wireless gadgets for Wi-Fi and

WIMAX applications which is in a high demand.
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Compact Uniplanar Antenna for
WLAN Applications

This section describes the design and analysis of a compact slot line fed antenna
for dual band applications. Here one of the lateral strips of the slotline feed is
modified to excite dual band characteristics in the antenna. The compact dual-
band uniplanar antenna operates in the 2.4/5.2/5.8 GHz WLAN/HIPERLAN2
communication bands. The dual-band antenna nature is brought by modifying
one of the lateral strips of a slot line, to provide two different current paths. The
antenna occupies a very small area of 14.5 x16.6 mm? including the ground plane
on a substrate having dielectric constant 4.4 and thickness 1.6 mm at 2.2 GHz.
The antenna resonates with two bands from 2.2 to 2.52 GHz and from 5 to 10

GHz with good matching, good radiation characteristics and moderate gain.

1. Introduction

With the tremendous increase in the number of laptops and other portable
devices the need for wirefree communication, devoid of wires and
interconnections, has become inevitable. The availability of the ISM band as
licence free has paved the way for the design of various communication devices
working at these frequencies for short-range communication. This has crested grest
demand for suitable antennas working at these frequencies. Also, with the process
of miniaturization in full swing, greater emphasis is given to compactness. Of
available designs, planar antennas are preferred owing to advantages such as small
volume, ease of fabrication and flush mounting facility.
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Various types of antenna designs complying with these requirements
have been reported. The printed double T monopole presented in [1] consists
of two stacked T shaped monopoles for achieving dual resonance in the
2.4/5.2 GHz WLAN bands using a microstrip feed with a 50 x75 mm?
ground plane. The planar monopole antenna [2] uses a shorted parasitic
inverted L wire to obtain resonances in the 2.4/5.2/5.8 GHz bands.
Compared to other designs, uniplanar antennas have advantages such as lack
of soldering points, ease of fabrication and integration to MMICs on a single
metallic layer structure. The compact dual-band antenna for ISM
applications reported in [3] consists of an asymmetric dipole having a total
area of 15x40 mm? and dual band is produced using the unbalanced current
distribution in the asymmetric arms. The CPW fed dual-frequency antenna
mentioned in [4] produces dual resonances connecting two monopoles to a
single feed line.

A compact uniplanar antenna for WLAN applications is presented in
this section. The proposed antenna design is obtained by modifying one of
the lateral strips of a slot line. The proposed antenna resonates with two
bands from 2.20-2.52 GHz and from 5.03-10.09 GHz which is wide enough
to cover the IEEE 802.11b/g (2.400-2.484 GHz), IEEE802.11a (5.15-5.35,
5.725-5.825 GHz) and HIPERLANZ2 (5.47-5.725 GHz) communication
bands. Moreover, the antenna has a simple structure and occupies a very
small area of 14.5 x16.6 mm? on a substrate of dielectric constant 4.4 and

height 1.6 mm and can be easily printed into circuit boards.
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2.  Antenna Geometry

Fig.1.Geometry of the proposed slot line fed antenna

The geometry of the antenna is shown in fig.1. The basic geometry of the
antenna is derived from a dot line having lateral strip width 8 mm and dot width
0.6 mm printed on an FR4 substrate of relative dielectric constant 4.4 and thickness
1.6 mm. The antenna is excited using a 50 Q coaxia cable whose inner conductor
is connected to the point S and the outer ground shielding to the point S1. Two
arms (a shorter vertica strip and alonger inverted L strip) are firgt attached to one
of the latera strips of the dot line to introduce two different resonant paths. This
resultsin a dual-band antenna resonating at 3.16 and 6.4 GHz.

To bring down the resonances to the required frequencies the Structure is
further modified. A narrow dot of 1 mm width isinserted in the structure to increase
the resonant path and to bring down the resonances. The dot is shown in dotted lines
in Fig. 1. The position of the dot is chosen to be at the postion of minimum field
intengity. It has to be noted that this technique does not affect the compactness of the
antenna. The resulting antenna resonates at 2.44 GHz and 5.5 GHz.
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3. Réeflection and radiation characteristics of the antenna

The antenna is constructed on an FR4 substrate and tested. The simulated
and experimental return loss characteristic of the final antenna is shown in Fig.
2. The experimental curve shows that a dual band is obtained from 2.2 to 2.52
GHz and from 5.03 to 10.09 GHz with good impedance matching.

Fig.2. Experimental and simulated Return loss characteristic of the antenna

From simulation and experimental studies, it is found that for the first
resonance the meandered length ABCDE acts as a quarter-wave monopole with
GHIJ as the ground plane and for the second resonance the strip AB and GHIJ
acts as the arms of an asymmetric dipole. i.e, the strips AB and GHIJ act as the
arm of a\/2 asymmetric dipole. The large width of the strip GHIJ is responsible
for the high bandwidth in the second resonance. From simulation studies it is

found that the strip CDE does not have much effect on the higher resonance

Also, it is noted that the horizontal strip DE has to be separated at least by
a minimum distance of 0.2\ (where A; corresponds to the first resonant

wavelength) from the ground strip. This is to avoid coupling between the strip
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DE and the ground strip so that the impedance matching is not deteriorated. The
length and width of the strips are optimized to achieve good performance.
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Fig.4. Radiation pattern of the antenna
(@) E plane at 2.44GHz (b) H plane at 2.44GHz (c) E plane at
5.5GHz (d) H plane at 5.5GHz
The principal E- and H-plane patterns of the antenna at 2.44 and 5.5 GHz
bands are shown in Fig. 4. A near omnidirectional pattern is obtained in the two

bands. This projects the suitability of the antennain wireless applications.
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The polarization of the antenna is determined experimentally. The antenna is
polarized dong the Y -axisin the lower band and along the X-axisin the higher band.

The gain of the antenna is measured in the two bands and is 1.9 dBi a 2.44
GHz, 1.6 dBi at 5.2 GHz, 1.8 dBi a 5.6 GHz and 1.9 dBi at 5.8 GHz, respectively.

4. Conclusion

A dual-band antenna for operation in the 2.4/5.2/58 GHz
WLAN/HIPERLANZ2 bands is presented and studied. The design is obtained by
modifying a dot line thereby introducing two different current paths. The
antenna has very compact dimensions of 14.5 x 16.6 x 1.6 mm® on an FR4
substrate. The simple, compact uniplanar structure and good radiation

performance makes it useful in compact WLAN circuits.
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