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Chapter 1

Introduction

1.1 Intorduction

Communication is the way of transferring information from one point to another
point.It can be between two persons or between two devices.From one point the infor-
mation is transmitted which is called transmitter.And it is another received at another
point that is called receiver.Generally for human or other living object only short dis-
tance communication is possible.But for devices to be specific electronic devices to
establish communication certain set of rule is there which is called protocol[1].For
transmission and reception of the information medium is required.That medium cab
be wired or wireless medium[2].Depending on the medium of communication i.e chan-
nel the security reliability and accuracy etc varies and all these important parameter
should be taken care of before establishing the communication between two electronic
devices.The figl.1 shows basic communication process between various electronic com-
ponents using wireless channel.

In case of wired medium a physical medium is connected between transmitter
and receiver through which the electrical form of the message travels. That physical
medium can be twisted pair cable,optical fibre cable, coaxial cable etc [3].For wireless
medium the electrical form of the message is travels through free space.Today’s world
is directly or indirectly depending on the wireless technology in many aspects.we can
not imagine our day to day life without wireless technological tools like mobile phone,
blue tooth devices,Wi-Fi, Wi-Max, TV broadcasting, radio, satellite communication
and so many|4].In all these technology the information travels in free space in the form
of electromagnetic wave [5].In all wireless communication one common requirement is
antenna.Antenna is a transducer which transmits the electromagnetic waves into the
space by converting the electric power given at the input into the radio waves and at
the receiver side the antenna receives these radio waves and again converts them back
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Figure 1.1: Simple wireless communication process

into the electrical power[6, 7]. There are various aspect for designing an antenna like
return loss, gain,efficiency directivity, polarisation, impedance, bandwidth etc.Due to
large number of data transmission and bandwidth requirement various challenges are
there.We know from shannon channel capacity theorem [8] the channel capacity is
related to bandwidth and signal to noise ratio by the equation

C = Blog, (1+ SNR) (1.1)

Where C' is the channel capacity in bits and B is the bandwidth.
SNR is the signal to noise ratio.

Therefore more channel capacity more bandwidth required.Band width is a very
important parameter for designing an antenna.The bandwidth of an antenna is the
range of frequency over which the performance of the antenna,in terms of some
standard characteristic, remains upto a specified standard[9].For antenna there are
two types of characteristics one is radiation characteristics and another one is input
characteristics[10].Radiation characteristics are gain , directivity, polarisation, radia-
tion pattern and affective apperture etc.Input characteristics are input impedance |,
bandwidth , VSWR, reflection coefficient etc. While designing both input and radia-
tion characteristics has to be considered. The bandwidth of an antenna can also be
defined by the other input characteristics like VSWR, reflection co-efficient, and input
impedance by the following equation[11, 12].

BW = VSWE-1 (1.2)
QVVSWR

2



Where V.SW R is the voltage standing wave ratio and @ is the quality factor.

1+ |1
VSWR = 1.3
I' =reflection co-efficient. 7 P
n 40
= 1.4
Zin + 2y (1.4)

Zin = Input impedance, Z, = Characteristics impedance.

All the above mention wireless technologies are narrow band technology that is
their bandwidth is very small.In free space the entire spectra is used for various
application based on their allocated frequency range by various international and
national bodies[13, 14].Based on frequency range the entire spectra is classified as
VHF UHF,L,S,C,X,Ku,K ka,V,W and milimeter wave[15, 16].All these band has dif-
ferent frequency range and each band is used by diffrent wireless technology.Due to
rapid growth in various WPAN devices application research towards near field com-
munication also rapidly growing.After rapid growth in 4G now 5G even in 6G and
tera hertz also various development related to compatibility ,safety and environmental
hazards etc. now opening new area of research in antenna and microwave domain.
Talking about near field communication the devices used in the process must satisfy
low power requirement safety security and miniaturized as well. UWB devices can be
an alternative to all these existing technologies due to its various features|[17].

In this thesis a monopole antenna with CPW feed and micro strip feed has been
designed for ultra wide band frequency.The antenna is fabricated and its various
characteristics also measured.

1.2 Introduction to UWB

UWRB is a technology that promises to provide high bandwidth which in terms provides
high rate of data transmission.It also gives new services to all other narrow band
technologies like wi-fi bluetooth and co-exist. UWB transmits and receives pulse based
wave forms which is compressed in time whereas other narrow band technology uses
compression in frequency|[18].Compression in time allows transmission over a wide
band width with very low power spectral density. UWB transmits large amount of data
with a duration of less than 1 nano second.UWB pulses can sense distances between
two transmitters.In UWB we can achieves real-time accuracy because it transmits up
to 1 billion pulses per second (about 1 per nanosecond).Shorter the duration of the
impulse, the more precisely the distance measurement can be done.UWB also called
carrier free or impulse radio of baseband radio as it does not require any high frequency
carrier for transmission.UWB is known for its precise positioning and tracking kind
application.It is also secure compare to other wirless technology[19]. Ultra wide band



is mainly for short distance wireless communication with high bandwidth.Use of large
bandwidth also creates challenges in antenna design and its performance.

According to Federal Communication Commission’s (FCC’s)definition, UWB is
the one for which the fractional bandwidth is greaterthan 20% or occupying an in-
stantaneous bandwidth of at least 500 MHz [20]. Fractional bandwidth is a factor
used to defined the bandwidth characteristics of an antenna which is given by the
equation|[21]

FBW = fhf_ s 100% (1.5)
0
Here fj is the center frequency and it is given by the equation
+
foth2 J (1.6)

For using spectrum by any technology it requires government regulation by interna-
tional /national regulatory bodies.Federal communication commission(FCC) which is
world wide regulating body for frequency allocation in the year 2002 allocated 3.1
to 10.6 Ghz for UWB technology.i.e for UWB communication i.e fractional band-
width is approximately 109.5% [22].Since then UWB has gained lot of attraction in
academics and industry.The figure shows various spectrum used by various wireless
technology.The IEEE standard for UWB is 802.15. 4a and 802.15.4z [23].The figure
1.2shows various wireless technologies and their frequency ranges.
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Figure 1.2: Spectrum of various technology

Incorporating UWB into the design of devices can vary depending on region. As
it occupies such a wide frequency band spectrum, there is a possibility that UWB can
interfere with other telecommunication services occupying the same frequencies|24].
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1.3 History
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Figure 1.3: History of UWB(Source: FiRa Consortium)

UWB is not completely new technology.It was introduced in 1960 by research
on electromagnetic wave propagation studies[25].In 1887 Hertz first generated UWB
signal in the form of spark and it was then transmitted using wide band loaded
dipoles[20].In 1901 Markoni refined Hertz work by using spark gap radio transmitter
for Morse code transmission over Atlantic ocean.In 1950 the pulse based transmis-
sion gained interest in military applications when impulse radars was implemented.In
1960 approximately 50 years after Marconi’s work UWB development was started
by Harmuth at Catholic University of America, Ross and Robbins at Sperry Rand
Corporation, Paul van Etten at the USAF’s Rome Air Development Centre and in
Russia[26] [9].In 1969-1984 Harmuth published papers on the basic design for UWB
transmitters and receivers.Ross’s US patent (1973) was a landmark in UWB commu-
nications [27].
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Figure 1.4: Application of UWB

Ultra wide band technology can be used in various fields.Following are the some
application area [28-30]

e Precise Tracking-Indoor Navigation, Warehouse positioning,Sports and fit-
ness tracking are the major domain for precise tracking kind of application.

e Communication application [31]- For high data rate and low power require-
ment of UWB over short range it is suitable for WPAN.UWB also can resolve
the wire complexity issue around personal computers (PC) by wirelessly con-
necting PC peripherals such as storage, I/O devices and wireless USB (Universal
Serial Bus) scanners and video cameras.

e Radar Application[32]- For ground penetrating radar(GPR), Medical radar,Wall
imaging are the major field of UWB based radar application.

e Military Application-Because of its low power and short duration pulse and
no carrier modulation UWB is secure compare to other communication pro-
tocols.For that it is very useful for military communication like covert sensor
networks.



e Commercial Application-Various RFID tag and industrial RF monitoring
system UWB can be used.Various UWB sensor also is very popular nowadays.

e Medical Application-UWB antenna is also applicable for WBAN devices and
for capsule endoscopy devices|33].

1.5 Motivation

Though significant development has been done by the researcher on UWB over past
years but still the challenges are there regarding the design of UWB antenna with
desirable performance and reducing the interference with the existing narrow band
technology.As day by day rate of data transmission, internet access increasing use of
UWRB also increasing[34].In 2019 apple used UWB in [-phone.Apart from apple other
companies also like BMW | LG, Panasonic, Samsung, VW etc they are also now focus-
ing UWB chips for their various devices.ABI Research anticipates that around 25%
of cars shipping in 2025 will come equipped with UWB access technology, with UWB
expected to become the major mobile car access technology in the future.So antenna
designing for all those devices will become a challenging task.Various conventional
broadband antennas like wire monopole antenna, Vivaldi antenna, biconical antenna,
log periodic antenna suffers lot problem like directional radiation, size and portability
issues[35].So to overcome all those issues suitable antenna design for UWB commu-
nication is required.Microstrip antenna is one solution for portable devices and other
various UWB enabled wireless devices.Again designing of UWB antenna also suffers
the problem of impedance matching and gain issues.

The proposed work in this theis is motivated from the demand of small size ,
higher bandwidth and cost effective high gain and high efficiency antenna design.

1.6 Organisation of thesis

The thesis organised in seven chapters. In chapter 1 introduction of wireless technol-
ogy and antenna for narrow band wide band.Some application of ultra wide band and
the motivation of the thesis is explained in brief.

In chapter 2 some previous work related to ultra wide band antenna and their result
is explained.Extensive study related to broadband antenna and their application has
been done and try to find out the new research in these domain

In Chapter 3 is microstrip antenna basics how microstrip antenna is constructed and
working principle is explained.Some of the advantages and disadvantages of micro
strip antenna also explained in this chapter.Later simple equivalent circuit of mi-
crostrip antenna is alos explained in brief

Chapter 4 explains the ultra wide band mono pole design.This is the main proposed



work chapter.A CPW feed UWB monopole is designed and various parametric study
related to optimal design is discussed in detail.later part of this chapter a microstrip
feed monopole also designed in CST.

In Chapter 5 an antenna equivalent circuit is proposed based on the cascaded parallel
resonator circuit.And the simulation of the equivalent circuit in ADS software.
Chapter 6 is about use of Python library i.e Scikit-Rf in RF engineering and our
result in Python.Here the open source python package for RF engineering domain is
expalined and it is new area of research for RF engineer using Python.

Chapter 7 is about verification of simulation result and measured result.Here all
the related result obtained from simulation as well as measurement is given.
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Chapter 2

literature review

2.1 Introduction

In 1918, UWB was banned as it was interfering with narrow-band frequencies and it
was restricted to only military applications. UWDB made a resurgence in the early 1980s
but it was still limited to military applications.In 2002 The Federal Communications
Commission (FCC) of the United States has allocated a band covering of 7.5 GHz
(3.1GHz to 10.6GHz) for the unlicensed use of UWB applications. In Europe, the
Electronic Communications Committee (ECC) has allocated various frequency ranges
of 3.1GHz — 4.8GHz, 6GHz — 8.5GHz, and 8.5GHz — 9GHz across most countries in
the region. Other regions and countries vary in permitted frequency bands which
must be taken into account when implementing UWB antennas into any design.
Various types of planar and non-planar UWB antennas proposed by researchers
worldwide.Out of all those for compact and portable devices UWB planar monopole
have gained attention because of its simple structure, large impedance bandwidth cov-
erage and omni directional radiation pattern. This has made UWB planar monopole
antennas a promising candidate for UWB communication systems. This chapter
present the literature review on monopole antennas with CPW feed and microstrip
feed for UWB applications and various techniques for achieving broad band width.
After finalising the mono pole antenna a two element UWB MIMO antenna also
designed.In today’s wireless communication scenario one of the major problem is multi
path fading and MIMO antenna is one solution to minimize that[1].As UWB covers
wide bandwidth so it suffers multipath fading which can be overcome using MIMO
antenna[2].MIMO antenna provides multiplexing gain and diversity gain which can
further improve the capacity and link quality[3].Main problem for the design of MIMO
antenna is the isolation between the elements of the MIMO antenna.Various design
suggested for better isolation which is explained in the later part of these chapter.Like
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Figure 2.1: Return loss for narrowband and UWB antenna

for getting optimum characteristics of an antenna we try to improve S;1parameter
i.e return loss similarly for good isolation Sis and S9; parameter i.e isolation should
be improved[4]. Appart from these other important parameters for MIMO antenas are
Envelope Correlation Coefficient (ECC),Diversity Gain (DG),Channel Capacity Loss
(CCL),Mean Effective Gain (MEG) and Total Active Reflection Coefficient (TARC)

[5].

2.2 Various methods to achieve broadband

After designing an antenna we must ensure that it should radiate. Whether the antenna
is suitable for application is characterise by observing its S;; parameter which is also
called return loss if it is represented in terms of db.The figure shows how the Sy
parameter looks like for narrow band and ultra wide band antenna.

There are various methods proposed in literature to increase bandwidth of micro
strip antenna.Some of the techniques are based on the structures like intrinsic tech-
nique,parasitic patch and stacked patch and some are based on feeding methods like
proximity coupled feed and apperture coupled feed CPW feed and microstrip feed
.For structural design intrinsic technique proximity coupled and stacked patch.

For most of the cases coaxial probe is used to feed the radiating patch for that input
impedance becomes more inductive to get proper impedance matching. In monopole
the patch is feed form the periphery with additional ground plane[6].Microstrip monopole
is useful for large impedance bandwidth. Here specially two types of feeding method
studied these are CPW feed and microstrip feed.
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2.3 CPW feed monopole antenna

CPW feeding is one method to achieve wide bandwidth. Many academicians and
industry personals presented their work related to CPW feed UWB antenna.Antenna
design and its equivalent circuit characteristics has been studied in [7, 8].In [8] stair
case rectangular patch with C slot and CPW feed is proposed.The material used is
Rogers (RT/5880) with €, = 2.2, tand = 0.009, h = 0.8mm.The bandwidth obtained is
1.55-16.95 GHz (166.51%). Transmission line model of the antenna also studied.And
it is verified using AWR circuit simulator.

A microstrip line UWB monopole antenna and a CPW fed UWB monopole an-
tenna. First, a monopole antenna to cover the entire UWB band of 3.1-10.6GHz is
designed. Different types of tapers are investigated to achieve the impedance match
over the desired band. Next, two band-rejection notches at 5.2GHz and 5.8GHz are
introduced by combining two traditional band-notching techniques. Performance of
the proposed antennas has been investigated in both frequency and time domain. It
is found that the antennas exhibit omnidirectional radiation in H-Plane, with a gain
of 2-4dB except at the notch frequencies|9].

Novel Compact UWB Planar modified hexagonal Monopole Antenna Using a
Ribbon-Shaped Slot is proposed in [10].Here obtained bandwidth is 3.1 to 10.8 Ghz.A
ribon slot is used for matching and for feeding CPW line is used.Both ground plane
is modified with uniformly separated circular slot.FR-4 substrate with €, = 4.4 Imm
thickness and loss tangent of 0.02 is used for fabrication.One of the major applica-
tion of UWB is UWB radar which is useful for medical and IOT application.In [11]
an inkjet-printed circular-shaped monopole ultra-wideband (UWB) antenna with an
inside-cut feed structure was implemented on a flexible polyethylene terephthalate
(PET) substrate.The dimension of the antenna is 47 mm x 25 mm x 0.135 mm.The
range of frequncy is 3.04-10.70 GHz and 15.18-18 GHz. In [12]a compact coplanar-
waveguide-fed single-layer printed antenna with an ultrawideband (UWB) rectangular
monopole radiator etched with a half-elliptical slot is presented. Collaborating with
the UWB radiator, two symmetrical open-circuit stubs are extended from the ground
plane to jointly achieve an ultrawideband impedance match with a compact size. The
proposed antenna is fabricated and tested in an anechoic chamber, showing an ultra-
wide operating frequency range from 3.7 to 10.1 GHz with a quasi-omnidirectional
gain from 2.0 to 7.3 dBi.

In [13] an ultrawideband antenna with CPW feed and microstrip feed is proposed
for wireless application.FR4 glass epoxy substrate with 1.6mm thickness and dielectric
constant 4.4 is used for fabrication.Obtained frequency bandwidth is 1.68-20 Ghz.In
[14] compact UWB antenna with flexible substrate ROGERS 5880 is proposed.The
size of the antenna is 15x20 and 2.73-9.68 GHz bandwidth is obtained. UWB antenna
is useful for WBAN devices also.[15] explains the idea of ON-OFF Body (UWB)
Antenna for Wireless Body Area Networks.Here CPW feed antenna is designed with
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a dimension of (23x25x1.6 ) mm? with FR-4 substrate and the frequency coverage
is 4.9 — 25 GHz.

A novel miniaturized all-metal ultrawideband (UWB) magneto-electric monopole
(MEM) antenna in this communication is proposed in[16]. The proposed antenna is
composed of a half-ellipse electric monopole and a quarter magnetic loop. The half-
ellipse electric monopole consists of a half ellipse with a rectangular slot, a loaded
patch, and an L-shape ground fed by a coaxial connector. Enhanced robustness to
severe surrounding environments and lower loss can be achieved by employing an all-
metal structure instead of the structure including dielectric materials. A prototype
was fabricated and measured. Results show that the proposed MEM antenna can
operate in the frequency band of 2.5-13 GHz even higher frequency.

The design nuances and associated performance characteristics of two printed pla-
nar ultrawideband (UWB) antennas are reported in [17]. The designs achieve im-
proved broadside-realized gains, particularly at the high-frequency side of the UWB
band. An arc-shaped slot is etched into the radiating patch of a standard compact
elliptically shaped UWB monopole antenna. The resulting parasitic element is en-
gineered to produce its fundamental resonant mode in such a manner that a more
compact overall design is realized and the broadside-realized gain in the upper UWB
frequency range is improved while maintaining impedance matching without any sig-
nificant changes to the original design parameters. In agreement with simulations, a
61.7% reduction in size from previous designs is demonstrated with more than a 6 dB
increase in the realized gain near 10 GHz.

A coplanar waveguide (CPW)-fed monopole antenna is proposed, which is com-
posed of a rectangular monopole patch notched at the bottom, a T-shaped CPW
ground in the notch, and a tapered CPW ground out of the notch. The simulated
and experimental results show that the antenna achieves a fractional impedance band-
width of 164%[18].

UWRB is used in GPR application.Previously many work reported on UWB an-
tenna in GPR applications[19-21].In [22] A compact umbrella shaped UWB antenna
is designed with the dimension 35 x30x0.8 mm? using FR-4 substrate for GPR ap-
plication. UWB antennna is used in biomedical application.Various work is proposed
based on those applications.[23] is the proposed work for detecting breast cancer us-
ing CPW fed UWB antenna.A textile WBAN antenna is proposed in[24].In [25] also
fractal pentagonal CPW feed UWB antenna is proposed for microwave imaging ap-
plication.

A compact, low-profile ultrawideband directional antenna for a wireless body area
network (WBAN) is reported in [26]. The directional antenna is designed using a
monopole backed with an electromagnetic bandgap (EBG) structure, which acts as a
reflector. The beveled Y-shaped monopole antenna covers the ultrawide bandwidth
from 3.1 to 10.6 GHz.
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2.4 Microstrip line feed monopole antenna

Mirostrip feeding with defected ground is another method for getting ultra wide-
band response.In [27]staircase rectangular patch with defected groud plane in the
backside and microstrip line feed antenna has proposed for ultra wideband applica-
tion.Bandwidth obtained form 2.33-12.4 Ghz i.e fractional bandwidth of 136.5% .

A novel and compact ultra-wideband (UWB) microstrip-fed monopole antenna
having frequency band notch function is presented in[28]. To increase the impedance
bandwidth of an antenna, a narrow slit is used. By inserting a modified inverted U-slot
on the proposed antenna, the frequency band notch characteristic is obtained. The
designed antenna satisfies the voltage standing wave ratio requirement of less than
2.0 in the frequency band between 3 and 11 GHz while showing the band rejection
performance in the frequency band of 5.0 to 5.9 GHz.

In[29] micro strip feed Diamond Slotted Patch Antenna with Enhanced Band-
width is proposed.Here 3.28 GHz to 19.64 GHz band width is obtained. [30] pro-
posed microstrip antenna for breast cancer detection using SE-DGS Tapered-Fed
Notched UWB Antenna Integrated with Ku/K Band.The antenna is fabricated with
FR-4 substrate and bandwidth obtained is 4.11-29.77GHz, i.e fractional bandwidth
of 151.47%.In [31] UWB monopole antenna with microstrip feed is presented with
defected ground in the back side.

A high gain and miniaturized super wide band microstrip patch antenna is prre-
sented in [32].Here the antenna is placed above FSS to obtain high gain.In [33] a
microstrip feed UWB antenna is proposed with SRR structure . The antenna is fab-
ricated usign FR4 substrate with a dimension of 50 x 50 and the obtained frequency
range is 1.5 to 11Ghz.

2.5 UWB MIMO antenna

In [34] a Four-Port Flexible UWB-MIMO Antenna with High Isolation for Wear-
able and ToT Applications is proposed by the author.The single element antenna is
a CPW fed mono pole which is fabricated on LCP substrate.The bandwidth of the
antenna is 2.66-11.39 GHz.The MIMO combination provides good isolation and its
various parameter has studied.[35] also explains a MIMO on flexible material with
CPW fed line.flexible Rogers’s 3003 material is used for fabrication and size of the
antenna is 24 by 30mm? and the bandwidth is from 3.5 GHz up to 11 GHz.A com-
pact multiple-input-multiple-output (MIMO) antenna is presented for ultrawideband
(UWB) applications. The antenna consists of two open L-shaped slot (LS) antenna
elements and a narrow slot on the ground plane. The antenna elements are placed
perpendicularly to each other to obtain high isolation, and the narrow slot is added
to reduce the mutual coupling of antenna elements in the low frequency band (3-4.5
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GHz). The proposed MIMO antenna has a compact size of 32x32 mm? , and the
antenna prototype is fabricated and measured. The measured results show that the
proposed antenna design achieves an impedance bandwidth of larger than 3.1-10.6
GHz, low mutual coupling of less than 15 dB, and a low envelope correlation coeffi-
cient of better than 0.02 across the frequency band, which are suitable for portable
UWB applications[36].

In [37] 42mm by 25 mm microstrip feed UWB MIMO is proposed.Obtained band-
width is 3.2 GHz to 12 GHz . A good isolation over widebandwidth also obtained. UWB
MIMO radar application antenna is proposed in [38].CPW Fed Flexible 4Port MIMO
Antenna for UWB, X, and Ku Band Applications in [39].The maximum gain and
efficiency are 6.8 dBi and 89% respectively and the obtained bandwidth is 3.89-17.09
GHz. 2 port MIMO antenna is constructed and its diversity performance is esti-
mated in [40] over the frequency 3.1 to 10.9 GHz. In[41] a compact antenna with
three operational bands, including a (notched) ultra-wideband (UWB), and its array
for multiple-in multiple-out (MIMO) applications are reported. The antenna is com-
posed of a folded patch with a shoring wall fed by a folded planar monopole with
a 3-D U-slot cut. The operation of the antenna relies on the monopole-fed patch
mode at low frequencies and reflector-backed monopole radiation in the middle- and
high-frequency bands, which is able to cover almost all the wireless service bands in
the sub-6 GHz regime, including a continuous UWB with a ratio bandwidth of 4:1.
A narrow stopband can be placed within the UWB by integrating a symmetric pair
of 3-D meandered slots on the folded monopole feed.

A novel optically transparent multiple-input multiple-output (MIMO) antenna for
automotive applications is presented in [42]. The MIMO antenna consists of a two-
semicircular slot-loaded monopole with a staircase ground structure. It is developed
on a glass substrate with dimension 29x50 mm? .

A two-port structure-shared planar ultrawideband (UWB) antenna with high isola-
tion is presented in [28]. The proposed antenna consists of a planar monopole and two
back-to-back tapered slots etched on the monopole. The monopole and the tapered
slots are fed by the microstrip line and the differential feeding network, respectively.
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Chapter 3

Microstrip Antenna

3.1 Introduction

In the year 1953 the concept of micro strip patch antenna was proposed by Deschamps[1].The
first practical MPA was developed almost after 20 years by Howell[2] and Munson|3].Microstrip
patch antennas (MPA) are a class of planar antennas which have been researched and
developed extensively in the last four decades. They have become favorites among
antenna designers and have been used in many applications in wireless communica-

tion systems, both in the military sector and in the commercial sector. The idea of
microstrip patch antennas arose from utilizing printed circuit technology not only for

the circuit components and transmission lines but also for the radiating elements of

an electronic system[4].Due to large size and weight the waveguide antenna are not
preferable in some applications. In those cases MSA is used for its compactness.

Feedline (v

Substrate o
Ground

Figure 3.1: Structure of basic microstrip antenna

22



%‘ =
e T e

Figure 3.2: side view

Microstrip antenna is consist of a area of metalization which is called patch.The
patch is supported above a ground plane by a thin dielectric substrate.The geometry
of the patch can be rectangle, circular triangular or ring type based on the requirement
of desired frequency. The frequency depends on various parameters like length,width
of the patch[5]as well as dielectric constant and thickness of the substrate.the following
equations shows the variation of frequency with respect to its various parameters[6—8]

o= g (P + G (31)
Le:L+2AL:2fO\/a (3.2)
1 3.3
2o .

AL =" (3.4)

Ve
641 er—ll 10h]‘5

€e = 5 + 5 1+ W
Here L.=the effective length of the patch.
W=width of the patch e.,= effective dielectric constant.
e,=Dielectric constant of the substrate material. h=substrate height.
fo=Resonant frequency. c=Speed of light.
m, n=number of modes along L and W respectively.

(3.5)

The radiation in the microstrip antenna can be determined by the field distribution
between the patch and ground plane or it can be described from the surface current
distribution in the metal patch[9].After the excitation of the patch by microwave
source a charge distribution establishes in the upper and lower side of thr patch
and in the ground plane.If the the length of the patch is half of the wavelength for
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dominant mode[10] then positive and negative charge distribution arises.As a result
the like charges tend to repeal some charges towards the edges.This creates current
densities at the top and bottom surfaces.For lower aspect ratio the attractive force
between positive and negative charges dominates and current remains below the patch.
A small amount of current flows along the boundary of the patch toward the top
layer.This current is responsible for weak magnetic field which is tangential to the
edges[11].So one simple assumption can be taken that tangential magnetic field is
zero.For substrate material the substrate height is very small compare to wavelenth
so field remains almost constant along the substrate height and electric field is almost
normal to the patch.So it can be modelled as a cavity with two electric walls(top
and bottom)and four magnetic walls along four edges of the patch.So only TM modes
is possible inside this cavity.For supporting single mode dielectric filling should be
uniform but in microstrip it is not so the mode which exist in microstrip is called
Quasi TEM.[12] is due to the fringing field from patch to air which is shown by
curved arrows in the given figure.

3.2 Various feeding technique

The feeding methods influences the input impedance and other characteristics of the
microstrip antenna.So method of excitation also is an important factor while design-
ing antenna.There are several methods to excite the antenna for transmission.Some
popular methods are[13-15]

e Microstrip line feeding.

Coaxial feeding.

CPW feeding.

Apperture coupled feeding.

Proximity feeding.

Here various feeding methods is explained in brief.

Microstrip line feeding- A conducting line which is very narraw compare to
the main patch is fabricated on the same plane of the patch.In this technique two
methods are followed one is edge feeding another one is inset feeding.Sometime in
edge feeding we don’t get proper matching then inset feeding is used.
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Figure 3.3: Microstrip line feeding

Coaxial feeding- In coaxial feeding from ground plane a central conductor is
passed through substrate upto the patch.The location of the feeding point is deter-
mined where we can achieve proper matching.

Patch

Substrate

é Coaxial Probe
/]

Figure 3.4: Coaxial feeding

Ground

CPW feeding- In this feeding technique the signal and ground current are etched
on the same layer[14, 16]. The coupling between the feed line and ground plane is done

using slots.Some time a ground plane is also used in the opposite side of the substrate
then it is called CPW with ground(CPWG)|5]
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Figure 3.5: CPW feeding

Apperture coupled feeding- In microstrip line and coaxial feeding some higher
order modes also generated and for that they produces cross polarised radiation.In
this method two substrates are separated by a common ground plane.From lower
substrate the excitation is given using a microstrip line and the energy is coupled
with the patch through a slot on the separating ground plane.

/

Le. 7 ! Ground plane
P A—
ya with apperture
// /
L
,,/’Feed line

Figure 3.6: Apperture coupled feeding

Proximity feeding- Proximity coupling is also called electromagnetic coupling.In
this method the feedline is placed below the patch and above the ground plane.It uses
two layer of substrate where in the lower layer microstrip line is placed and in the
upper layer patched is placed. The feedline remain open below the patch.
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Figure 3.7: Proximity coupled feeding

3.3 Application

There are various field where microstrip antenna is used [17].Day by day its domain
of application is increasing. Some of the important applications are listed here.

e Satellite communication and mobile communication.
e Biomedical appllication.

e Radar application and broadcasting services.

e Remote sensing, Missiles and telemetry.

e Radio altimeters etc.

Microstrip antenna has some advantages and disadvantages based on its construc-
tion and area of application[9, 18, 19].There are various antenna characteristics pa-
rameter based on which the suitable antenna is chosen. Considering those factors
some advantages and disadvantages are listed here

3.4 Advantages

e Light weight and less volume.

e Simple in construction.

Array formation is simple.

Simple fabrication process and can be modified easily.

Both linear and circular polarization is possible.
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e Can be made conformal with both planar and non planar surfaces.

e Compatible with MMIC etc.

3.5 Disadvantages
e Narrow bandwidth
e Lower efficiency and gain.
e Extra radiation from its feeds and junctions.
e Low power handling capacity.

e Surface wave excitation and tolerance problem etc.

3.6 Equivalent circuit of microstrip antenna

The response of microstrip antenna can be modeled using parallel R L. C circuit[13].For
narrowband antenna it can be approximated a simple RLC parallel circuit and for
broadband antenna it is approximated as a cascaded parallel RLC as it resonates for
multiple frequencies|[20].The values of the RLC varies according to frequency and the
dimension of the patch.In most of the cases impedance mismatch issue appears while
designing any micros trip antenna as it operate in high frequency.For that Equivalent
circuit model gives a good approach to resolve this mismatch problem by placing a
lumped element for various parts of the antenna[21].whenever we know the circuit
components then it become easy to analyse the system. In order to deter-mine the
correct value for this element, So it is necessary to cor-correctly model the antenna
for determining its lumped component values.Various method has been suggested by
the researchers to obtain the equivalent circuit of an antenna[22-25]. Transmission line
modeling of micros trip antenna is popular and simple[26].The figure shows simple
equivalent circuit model of a rectangular patch antenna.
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Chapter 4

UWB Antenna design

4.1 Introduction

The bandwidth of an antenna is the range of frequency in which various parameter
like impedance gain and efficiency etc. falls in some standard value.Bandwidth can
be defined in terms of VSWR or input impedance variation with frequency or it can
be defined in terms of radiation parameters[1,2,3].It can also be defined in terms of
Axial ration(circular polarization)[1]

UWB antenna operates over wide bandwidth. Several advances in antennas for
UWB antennas were registered in the literature.But three dimensional and planar
monopole are not suitable for UWB application for their volume and probe feeding.For
that printed monopole are more popular for wireless devices for compact size and
integration with MMICs.UWB monopole antenna consist of a monopole and a ground
plane on the same side of a substrate i.e CPW line.Here a monopole and with CPW
line is proposed and parametric variation related to various dimensions and substrate
material has been carried out and an optimal design is acheived for UWB application.

4.2 Proposed design

After extensively studied from various work mentioned in literature A hexagonal patch
with some side and upper stub usign CPW feed line is proposed in the thesis.In regard
to feeding of an antenna, coplanar waveguide (CPW) feeding attracts more and more
attention lately due to its advantages over microstrip feeding. It has wider bandwidth
performance with lower dispersion and lower radiation leakage than microstrip feed
line. Furthermore, its implementation to active and passive devices is easier.The patch
is loaded with a stub.A low cost and less loss factor(loss tangent) substrate which is
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Roger RT duroid.Dielectric constant of the material is 2.33 and substrate thickness is
1.575 and loss tangent is 0.0012.Though other substrate also used for UWB antenna
making in literature here RT Duroid is our best choice out of other substrate available
in our lab.The complete design procedure is shown step by step to obtain the final
design of the antenna in fig 4.1 CST microwave studio 2018 version is used for the
simulation of the antenna.Out of all the simulation software related to rf fiels CST is
very handy and easy to operate and its various features attracts the antenna engineers
for their design.

(a) Step 1 (b) Step 2 (c) Step 3 (d) Step 4

Figure 4.1: Design Steps

Figure 4.2: Proposed antenna with dimension
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Table 4.1: Parameter list

Parameter Unit(in mm) Parameter Units(in mm)
Lg 36 Wg 30
a 2 c 20
d 21 e 1.4
I 0.5 g 135
h 10.7 Wit 2
X 9 y 11.5

4.3 Parametric study

While designing the antenna some of the important observations are obtained like
which substrate will useful how the impedance can be matched and how the broad
bandwidth can be obtained.So for that some parametric study also done for better
understanding and for getting optimal design. Here various design parameters related
to antenna design before getting the optimal design is studied[2]. These parameters
include substrate selection, ground height and coupled gap of CPW line and and feed
line variation.These are shown in the following figures in terms of S;; parameter.
Gound plane is an important factor when it comes to CPW feed design[3]. A
detailed study has been carried out how the ground plane variation can impact the
matching of the antenna here the fig 4.3 shows how S parameter changes for the

proposed design when the dimension of the ground plane varies.

1 L 1 Il
0
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-16 4
o -24-
E 4
= 32
w2 4
-40 4
-48
-56 1

T T T £ T

0 5 10 15 20 25
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Figure 4.3: variation in the CPW ground plane
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Next parameter which impacts the wideband matching is the gap between the feed
line and the ground plane of the CPW feed antenna.The fig 4.4 shows for some close
values of that parameter from that it is clear that how much impact is there for this
gap value related to the CPW design.

S11 (dB))

40 4 ——g1=9 mm
e— 0]1=9.5 mm

50+ e o]1=10.5 mm

55 e o]=10.7 mm

&
=

0 5 10 15 20 25
Frequency (GHz)

Figure 4.4: Variation of coupled gap (in fig gl=f according to proposed design)between
feed line and ground plane

After defining all the dimensions related to the proposed design next possible vari-
ation is choosing the proper substrate.In microstrip antenna specially for CPW line
feed wideband antenna substrate variations also impacts the wideband matching like
substrate height and dielectric constant related to various substrate and their corre-
sponding loss factor.Depending on these substrate parameters antenna characteristics
also chages.In fig 4.5 some of the mostly available and widely used substrate variations
associated with the proposed design is shown and out of all these Rt/Duroid 1 whose
specification is mentioned earlier is chosen and used for further experimental studies
in this proposed work.
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Figure 4.5: variation of S parameter for various substrate

Figure 4.6: Proposed design in CST

4.4 Microstrip line feed monopole

As from literature review it is observed that for ultra wide band most suitable and
simple is microstrip monopole antenna with cpw line and microstrip line feed.Initially
from literature study it has been decided to go for CPW feed[4] monopole antenna
but same design with all the dimensions same as earlier one a microstrip line feed
monopole antenna also simulated and its characteristics has been observed what are
the variations comparison with CPW feed monopole antenna.In figure comparison
between these two kind of monopole antenna in terms of their S parameter is shown.
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Related to the entire proposed work several mathematical formulations also are

there in the literature here all the mathematical modeling related to the ground plane
height with respect to frequency variations and other foumulation how to cover lower
frequency for ultra wide band antenna design these mathematical calculations are not
explained extensible for this work which can be further extension of this proposed
work.

(a) front side (b) Back side

Figure 4.7: Microstrip feed monopole in CST
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Chapter 5

Equivalent Circuit in ADS

5.1 Introduction

It is known that the maximum amount of power in an electrical or electronic sys-
tem will be transferred to the load when its input impedance is the complex con-
jugate of the source impedance, although, maximum transfer efficiency can be only
50%[1].Being an electronic passive system it is equally applicable for the antenna sys-
tem also.As antenna radiates in free space. Typical Thevinin’s and Norton’s theorem
can not be applied to the antenna system as antenna is not replacable only in terms of
simple voltage and current source.The fundamental antenna which is a dipole antenna
its approximated circuit has been discussed[2].So to know more about antenna char-
acteristics more mathematical analysis an accurate circuit model is desirable.Over the
years various methods has been suggested but still its an exploring topic as antenna
is a high frequency operating system where voltage current concept is not that much
applicable and all the analysis related to electric and magnetic field only which are
related by Maxwell’s equations[3]. An antenna with wideband characteristics can be
considered as a radiating element producing several closely associated resonances, in
which some adjacent bands overlap with each other[4].Since the transmitter is an elec-
trical system it is useful to model the equivalent circuit of an antenna.From circuit
analysis antenna can be modelled as passive one port circuit.An approach to model
an UWB antenna is represented in [5].There are various articles in which equivalent
circuit concept is reported[6-8|.To characterise the broadband matching potential of
a microstrip antenna determination of the lumped wideband equivalent circuit is re-
quired which can model the input impedance of the antenna over wide frequency
range.The most general method to represent an wideband radiating antenna as a
series combination of multiple parallel resonator circuit[9, 10].Taking multiple res-
onating frequency from the wideband response corresponding impedance value can
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be calculated.From which lumped element value i.e resistance inductance and capac-
itance also calculated[11].Another way to approximate the equivalent circuit is from
input impedance characteristics from which the series and parallel resonance circuit
can me approximated[12].From transmission transmission line model also equivalent
circuit of an antenna can be approximated[13].From approximated circuit the response
can be verified in a circuit simulator here we have used ADS.There are other simulator
also like AWR.After that by tuning the lumped element values proper response can
be obtained.

5.2 ADS introduction

Advanced Design System (ADS) is an electronic design automation software system.It
is developed by Path Wave Design, which is a division of Keysight Technologies. It
provides an integrated design environment for the designers of RF electronic systems
such as mobile phones,pagers, wireless networks, satellite communications, radar sys-
tems, and high-speed data links[14].

Keysight ADS supports every step of the design process — schematic capture,
layout, design rule checking, frequency-domain and time-domain circuit simulation,
and electromagnetic field simulation.It allows the engineer to fully characterize and
optimize an RF design without changing tools[15].

5.3 ADS circuit simulation

As wide band antenna can be thought as a cascaded parallel resonator and combining
all frequency response of each resonator the overal response will be a wide band
response though feed line modelling affects the matching for that some tunning is
required which can be done in ADS.In this work observing the S Parameter the
resonating frequencies are 6.33 GHz, 12 GHz,15.801GHz and 19.403 GHz.From the
simulation the corresponding values of the impedance are recorded in the table and
the from the following equations the corresponding lumped elementare calculated and
the circuit is simulated in ADS.

R = Real(Z(f;) (5.1)
_ Q@
C=5rip (5.3)
R%*C;
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Feedline inductance

f=6.33GHz

f=12GHz

f=15.801GHz

Figure 5.1: Equivalent circuit

=19.403GHz

Here all the equations are written in Python for calculating the lumped ele-
ments.After executing the code when it asks the real and imaginary values of the
impedance and corresponding frequency from that resistance, inductance and capac-
itance are noted in the tableb.1.

Table 5.1: Equivalent circuit parameter values

Frequency (GHz)

Frequency(GHz)Impedance(ohm)Resistance(ohm)Inductance(nH)Capacitance(pF)
6.33 91+3.47j 91 0.08729 7.249
12 94—-0.19j 94 0.0025 69.84
15.801 97.65—13.78] 97.65 0.13886 0.7313
19.403 91+47.49j 91 0.0614 1.0956
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Figure 5.2: Real and imaginary values of impedance
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Chapter 6

RF in Python

6.1 Introduction

Python is an interpreted high level ,general purpose, and object-oriented programming
language.It is world wide used for various application like web design, game develop-
ment, machine learning, artificial intelligence, data science etc.Python is very popular
language for its vast library.Nowadays researchers preferring python over MATLAB
because of its library related to various domain like signal processing,image process-
ing.It was first created by Guido van Rossum in 1991 and later it is developed by the
Python Software Foundation.Talking about its features it free and open source and
writing code is easy compare to other high level object oriented language.Another
feature is that python is platform independent and its GUI support[1].

6.2 Introduction to Scikit RF

For RF and microwave also one python library available which is Scikit-rf.It is a pack-
age in python for RF and microwave.The package provides a modern, object oriented
library for RF network analysis, circuit building,calibration, and simulation.Besides
offering standard microwave network operations, such as reading/writing Touchstone
files (.sNp files), connecting or de-embedding N-port networks, frequency/port slic-
ing, concatenation, or interpolations, it is also capable of advanced operations, such as
vector network analyzer (VNA) calibrations, time gating, vector fitting, interpolating
between an individual set of networks, deriving network statistical properties, and
support of virtual instruments for direct communication to VNAs. The package also
allows straightforward plotting of rectangular plots (decibels, magnitude, phase,group
delay, and so on), Smith charts or automated uncertainty bounds[2].To characterise
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the equivalent circuit of an antenna more precisely and accurately another way to anal-
yse the system is the rationalization of the impedance function.Which further helps to
get the lumped element values. This can be done using vector fitting method[3-5].For
vector fitting algorith implementation Scikit-rf is a useful tool.This kind of work is
not explored that much only very feq articles are availabel in the literature [6].With
the advent of AI and machine learning research related to various domain shifting to-
wards more software and simulation in details and Rf domain is also not different.Till
now there are not that much resources available related to Scikit-rf work .Still it is in
developing stage as it is open source so new ideas and new features will be add on in
future so that other extensive study can be done in RF domain.

6.3 Our work in Scikit RF

Based on the various features available on Scikit-rf the proposed work is imported to
the scikit-rf and its characteristics has been analysed.From simulation result in CST
various form of data can be exported. Two of these are touchstone format and ASCII
format.After exporting from CST in touchstone format it can be opened in any of
the python compiler like jupyter notebook or pycham.Make sure that compiler has
the scikit-rf package extension.If it is not then first adding extension of scikit-rf then
touchstone file can be opened.Other data plotting packages of python like matplotlib
and pandas also required for visualisation of the datas.For our work the touchstone file
is saved in the location C:Users dmin Desktop ME Thesis Work project-1.s1p .Here
only project-1 is our main touchstone file. Various work performed on Scikit-rf based
on proposed work are as follows-

e Reading the network type-For that the following code is written.For S parameter
data reading

import skrf as rf

ntwk=rf.Network(r’C:\Users\admin\Desktop\ME Thesis Work\project_1.slp.slp’)
df=rf.one_port_2_two_port (ntwk)

y=df .to_dataframe(’s’)

print(y)

After this code it will show what is the network type and what are the fequency
range of the network etc.

e Plotting the S parameter- For ploting s parameter in db the code for our file is

import matplotlib.pyplot as plt
import skrf as rf
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ntwk=rf.Network(r’C:\Users\admin\Desktop\ME Thesis Work\project_1.slp’)
df=ntwk.to_dataframe(’s’)

print(df)

ntwk.plot_s_db()

plt.show()

For ploting s parameter in Smith chart the code for our file is

import matplotlib.pyplot as plt

import skrf as rf

ntwk=rf .Network(r’C:\Users\admin\Desktop\ME Thesis Work\project_1.slp’)
df=ntwk.to_dataframe(’s’)

print (df)

ntwk.plot_s_smith()

plt.show()

Plotting the Z parameter-For Z parameter real and imaginary values the follow-
ing codes are used.

import matplotlib.pyplot as plt

import skrf as rf

ntwk=rf.Network(r’C:\Users\admin\Desktop\ME Thesis Work\project_1.slp’)
df=ntwk.to_dataframe(’z’)

print (df)

ntwk.plot_z_re()

plt.show()

For imaginary value code is

import matplotlib.pyplot as plt

import skrf as rf
ntwk=rf.Network(r’E:\Circleeee_1_1.s1p’)
df=ntwk.to_dataframe(’z’)

print (df)

ntwk.plot_z_im()

plt.show()
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Chapter 7

Results and discussion

7.1 Simulation Result

Once the simulation of the proposed design is completed then the various param-
eter related to the antenna is studied from the simulated result and the measured
result.In CST microwave studio we can get the gain efficiency Electric field,magnetic
field and current distributions for different frequency.Which are given in the following
figure.With the simulation result there is another feature is that we can directly ex-
port all the data corresponding the particular result.Which can be further used to plot
the result in a better format and with detail identification.Here Origin Pro software is
used to plot all the graphs after simulation as well as measurement.Using this software
feature we can compare multiple result in a single graph and then it can be explain
precisely. From the gain plot it can be observed that maximum upto 5 dbi gain is
obtained for the proposed design and the efficiency of the antenna is around 1.The
surface current densities for the different resonance frequency also studied.From this
it can be observed that at which frequency where the surface current is concentrated
and how the patch structure effects the current distribution which further effects the
matching issues.Another parameter which is VSWR also can be measured here that
parameter is not shown.As the impedance and S parameter over wideband is studied
so from that VSWR can be calculated.In fig 7.4 the gain of the antenna in terms of
E plane and H plane for various frequency also shown.
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7.2 Experimental Result

In antenna designing process first step is design the antenna using any of the high
frequency simulation software like HFSS,CST or IE3D.These three are widely used
worldwide by antenna users.After getting satisfactory result associated to various
parameters like gain, directivity,efficiency and polarisation pattern then the practical
antenna making is done for the actual purpose.In this work also after observing all
the result in simulation antenna fabrication is done.The fabrication of the microstrip
antenna follows the following procedures

e substrate preparation-Here the actual substrate which parameters like dielectric
constant,loss tangent etc is used during the simulation is prepared from the by
taking actual dimension given in chapter 4.After that it is cleaned by acetone
and kept for some time.

e Photo lithography- It is done using a photo resist solution.Here positive photo
resist is used.After putting a layer of photoresist a small amount of heat is given
to the material for drying the photoresist. The utmost care is taken during this
entire process as it is light sensitive so this photolithography process is done in
a dark room.Then the actual mask of the patch antenna which is exported from
CST is placed on the substrate and it is exposed to uv light.About 17 minute
later it is taken out and kept for some time. After removing the mask a developer
solution is used the remove the light exposed portion of the patch.After that
the actual patch can be seen.

e Etching-After developing the patch etching is done.Ferric chloride solution of
is used for etching.This process takes some time.Dilute HCL also can be used
with some precautions.Once etching is done then the antenna is prepared and
it cleaned usig acetone.For further measurement a SMA connector is connected
using soldering kit.Fig 7.5 and fig 7.6a shows work done in the lab for fabrication.

After fabrication next step is measurement where fundamental parameter like S7;
impedance gain radiation pattern is measured.The S parameter is measured using a
vector network analyser(VNA).which is shown is shown in figure 7.7.Before connenctig
the antenna VINA should be properly calibrated using various standard load that is
open short and matched load.After S parameter measurement the radiation pattern
measurement is done. Which is required an anechoic chamber.An anechoic chamber
provides an environment by absorbing the electromagnetic radiation so that reflected
wave does not effect the measurement.After measurement is completed a graphical
comparison between the simulated and measured result which are shown in fig7.9 and
7.10.
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Figure 7.5: Substrate preparation

(a) Front side (b) Back side

Figure 7.6: Fabricated CPW feed antenna

7.3 Conclusion and future scope

After all the simulation and measurement experiment is done it is observed that the a
good agreement between simulated and measured result. So the antenna can be useful
over the wideband of 4.1 GHz to 22.4 GHz.A good impedance matching can further
improve the antenna performance.This antenna can be useful various ultra wideband
application as it cover the UWB band that is 3.1 GHz to 10.6 GHz.This antenna can
be further used to make UWB MIMO which is the next step of this work.Using this a
2 by 2 and 4 by 4 MIMO antenna can be possible moreover using this single antenna
also can be used for other application lile UWB GPR applications, and UWB wireless
application and UWB sensor applications.Certain problems faced during this design
process is fabricating very thing coupled gap and feed line width dimension so for
further study and these things should be taken care of and scope of improvement is
there related to miniaturization of the antenna as well as performance improvement
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Figure 7.7: Measurement of Si; parameter

and getting wide impedance bandwidth.Other work can be done using this antenna by
using metasurface or frequency selective surface to improve the gain and to increase
the area of application of this antenna.There are various scope of improvement and
area of work using UWB antenna in terms of its design in terms of circuit analysis or
in terms of mathematical analysis related to its characteristics.Lot of research is going
on related to UWB antenna design due to its broader application so working in this
domain and implementing some new design will be recognizable.Again use of python
Scikit-rf is again a new area of study which can open another direction of work using
python coding and using various features of python package analysis of antenna can
be done further extensively.
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Figure 7.8: Radiation pattern measurement in anechoic chamber
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Figure 7.9: Comparison of S7; parameter between simulated and measured value
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Figure 7.10: Simulated and measured gain
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