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ABSTRACT

With the increasing and endless demand of high speed wireless communication
systems, the millimeter wave (mm-wave) systems are likely to meet the challenges
faced by the current 4G scenario in terms of required bandwidth, high gain and
several other network related issues. Therefore, in order to solve these networks
related issues researchers from the industry; academia has shown more interest for the
development of appropriate solutions. Thus, it becomes necessary to introduce such
low profile and portable devices that can easily handle and support the futuristic mm-
wave networks. So, microstrip patch antennas with wide—band frequency range are
the most promising candidates to solve the above said issues. As we know that in
wireless communication system, antenna plays a vital role to convert electrical signals
into electromagnetic waves and act as transducer at transmitter and receiver side.
These well designed, optimized and tested antennas can provide wide impedance
bandwidth with low profile and high stable gain. It is also necessary to reduce overall
dimensions for RF components, antenna miniaturization therefore become an essential
task to obtain optimized design for various portable and handheld devices. World
radio communications (WRC-19) and Federal communication commission (FCC) has
jointly proposed upper 5G cellular bands for specific applications for different
countries such as satellite communications, radar services and earth observations
whose application spectrum falls within the range of 24-42.5GHz. Conventional
antenna usually operates on narrow band range of frequency but with for the fifth
generation requirements there is need to such antennas which can support mm-wave
range and omit the need of multiple antennas in one device. The designed mm-wave
antennas are helpful for the upcoming 5G communication technology applications and
therefore can reduce the problems of the current service providing networks.

So, Microstrip patch antenna is greatly regarded and it is the proved as the best
candidate for the mm-wave wireless communication applications due to its low
weight, low profile and cheap in cost as fabricated using PCB technology if the
suitable substrate material is selected.

In literature, researchers have used different methodologies, state of art structures,
diverse techniques have been adopted to develop the prototypes such as array, MIMO,
Massive MIMO; defected ground structures (DGS) and beam forming to enhance gain
in mm-wave or to satisfy the mm—wave applications though none of them covers the
lower 5G band to mm-wave application range. In microstrip patch antenna, wide

band mm-wave range can be achieved by modification to the patch structure which
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act as main radiator by implementing and relying on three different strategies. The
first one is by designing the feed shape and size to the radiating patch. The second one
which plays major role in achieving the wide band mm-wave range characteristics is
the selection of the partial ground plane. The third one is the etching the slots and slits
of suitable shapes and sizes on the radiating patch for different frequencies thereby
increasing electrical size of the antenna without effecting overall antenna dimensions
to achieve wideband mm-wave range characteristics.

Major purpose of this thesis is to design wideband mm-wave microstrip patch antenna
for futuristic communication systems with wide impedance bandwidth and high stable
gain using partial ground plane technique. In one of the antenna, the corners of upper
and lower patch are tapered in different shapes to enhance the impedance bandwidth.
Further, to achieve mm-wave spectrum, two tilted irregular structures are etched on
patch at have been proposed at the specific angle. The designed prototype is
simulated, optimized using electromagnetic solver i.e. High Frequency Structured
Simulator (HFSS) and fabricated using PCB fabrication technology. The designed
prototype antenna’s performance is analyzed for return loss (RL) and bandwidth using
VNA. Proposed antenna shows wideband characteristics for n-260 and n-261 band
wireless applications.

Second compact millimeter-wave (mm-wave) microstrip antenna for futuristic 5G
wireless communication application is designed with wide impedance bandwidth of
17.33-40GHz and high stable gain. By triangularly clipping the lower corners of the
radiating patch and embedding 2-AHSS (2- armed H shaped slot) and (Inverted T-
shaped slot) ITSS of different shapes and sizes, multiple resonances of antenna are
obtained. A prototype of size 37 x 15 mm? is fabricated and tested to measure
performance parameters using VNA Bench and established a high-quality accord with
simulated results. Further, the design is extended for 1 x 4 MIMO array for indoor

applications with high gain.

Third compact broadband millimeter wave (mm-wave) antenna is designed with
(PGP) i.e. partial ground plane on 10 x 10 mm? substrate and patch with 50 Q
microstrip line feeding excited by source in XZ— plane. The mm-wave antenna covers
wide impedance bandwidth and 3 dBi gain bandwidth of 30.77-45.91GHz, peak gain
of 7.9 dBi and average radiation efficiency of 82.8%. Thus, the proposed antenna is

well suited for futuristic K,—band applications.
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CHAPTER-1
INTRODUCTION AND OVERVIEW OF ANTENNA

1.1 INTRODUCTION

With the increase in the usage of wireless communicating devices and the increasing
demand of data traffic, the fifth generation (5G) technology seems to be the potential
candidate to satisfy the requirements for high speed and congestion free networks.
The 5G network and the supporting devices will be the revolution in the
communication industry. Thus, one of the possible solutions is the millimeter wave
(mm-wave) and it’s supporting device such as mm-wave antenna. In other words,
antenna acts as a transducer which converts electrostatic (ES) signal into
electromagnetic (EM) signal. But to design an antenna for the specific application is
the most challenging task. So, to design an antenna for the support of 5G networks,
there are certain perquisites such it should be of smaller size with low tangential
losses and low cost. With the above said properties, microstrip patch antenna (MSPA)
is the most suitable choice to meet the above challenges. Microstrip patch antenna
with suitable size performs in an efficient manner for the specific application and is
therefore it is tremendously accepted throughout the world. As microstrip patch
antenna supports mm-wave range and its applications, it will be the revolution for the

upcoming 5G technology.

1.2 NEED OF mm-WAVE TECHNOLOGY

With the exponential growth of wireless data traffic due to the usage of digital devices
such as laptops, PDA’s, cell phones and other devices which results a severe network
issues such as network load, congestion and interference problems. Therefore, to
solve these kinds of issues, millimeter-wave (mm-wave) technology will work as a
boon for high-speed data networks. Lots of research is continuing to support the radio
architecture for mm-wave frequency ranges which varies from 30GHz — 300GHz.
Therefore, in order to maintain the consistency for high data rate, antennas which can
support mm-wave are highly required. The other perspective with the communication
industry is to overcome the spectrum shortage which leads to the mm-wave band

more prominent. This leads to explore the millimeter wave (mm-wave) frequency



range for futuristic 5G communications with high data rate connectivity for cellular,
satellite, defense, medical, multimedia and many other area applications.

With these advantages mm-wave range communication system also adhere to
some disadvantages such as sensitive to blockage and propagation losses suffers as it
carries high carrier frequency. Therefore, to reduce these kinds of losses high gain

antenna is the major requirement to support communication devices [1, 2, and 3].

1.3 APPLICATIONS OF mm-WAVE SPECTRUM IN ANTENNA

Automotive Radar Applications

Satellite Communication

5G cellular Communication

WPAN/WLAN (IEEE 802.15.3c, 802.11ad/ay)
Vehicular Applications

Medical Applications (Tissue Diagnosis)
Internet of Things (10T) Applications

Massive MIMO Applications

Health Care Applications [1]

F F F F FF

1.3.1 WRC -19 SUGGESTIONS

International telecommunications union (ITU) world radio conference (WRC-19)
proposed new cellular bands for fifth generation (5G) at millimeter wave frequency.
The new 5G bands which were under consideration for various countries despite

various sharing issues are as follows [2]:

24.25-27.5 GHz
31.8-33.4 GHz
37-40.5 GHz
40.5-42.5 GHz

-+ + F

1.3.2 THE COMMUNICATION SPECTRUM

The spectrum is defined as the RF assigned for communication systems.
Over the time, guidelines for assigning the spectrum to wireless communication

systems are modified to have high economic benefits and its efficient use. This

2



also helps to provide affordable spectrum to each person, high data speeds and
more connectivity. The designated spectrum bands per standards Institute of

Electrical and Electronics Engineering (IEEE) are given below:

Tablel.1: Radio frequency bands as per IEEE standards

S No. Band Name Frequency Bands
1 L 1-2 GHz

2 S 2-4 GHz

3 C 4-8 GHz

4 X 8-12 GHz

5 Ky 12-18 GHz
6 K 18-27 GHz
7 Ka 27-40 GHz
8 V 40-75 GHz
9 W 75-110 GHz
10 G 110-300 GHz

1.3.3 LTE (Long Term Evolution)

With the advancement of fourth and fifth generation, the development of data
traffic is more prominent than multiple times has been anticipated, thusly in the
impending years in excess of 10 Exabyte's of traffic development each month is
expected across cell network. The third generation project partnership (3GPP) had
started working in long term evolution (LTE) systems with its specific versions.
Therefore, to obtain high speed interface with the involvement of orthogonal
frequency division multiple accesses (OFDMA), release-8 includes high speed
downlink packet access (HSDPA) and high speed packet access (HSPA) techniques.
LTE in the communication system has been incorporated in favor of the decrease in
cost per bit, adaptability to utilize novel and accessible bands, outdoors connections,
and least utilization of power, congestion control and improved inclusion. As a result,
current LTE devices are hence ready to accomplish high transmission rates of 150 to
300 Mbps, which have brought forth the usage of Internet of Things (10T). Thus, LTE



in the today’s scenario can be considered as the latest radio interface technology [3].
LTE supports band of 1920- 1980 MHz for uplink and 2110-2170 MHz for downlink
for FDD.

“ “‘

. I

Mobile and Social
Network

@ Node B

Data Off loading

Emergency
R T Service
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Figure 1.1: Example of D2D Communication using LTE

1.3.4 LTE-A (Long Term Evolution-Advanced)

With the quick advancement of 4G and beyond 4G advances (B4G), the 5G
technology yet to gear up by the end of 2021. The innovative procedure shall improve
the broadcasting capacities interface in addition to empower latest broadened
applications which will be far contrast from the conventional advanced mobile and
different appropriate gadgets. Therefore, current communication industry has been
focusing on trustworthiness with provisions of improved network exposure and other
prerequisites. Also, to guarantee that LTE-A can topographically oblige the accessible
range for channel portion over 20 MHz, the prerequisites recommended by the ITU is

that the transmission rate should be > 1Gbps by the implementation of MIMO and



MU-MIMO. Therefore, LTE-A technology is focusing to reduce the problems there
are being faced by the current 4G network thereby enhancing the network
performance. Radio interface modeling can be accomplished with the LTE-A
simulation tool and several other available simulators which must support the 5G
network for the application level protocols. Numerous wireless performance
parameters for 5G can thus be evaluated for the protocols with support physical and
other layers in the diverse environment [3]. LTE-A has frequency band of 3400-3800
MHz for uplink and same frequency band for downlink communication. Therefore,
the various releases are issued by the 3GPP with the new features and some of the
features are as under:

+ Enhances support to Machine to Machine (M2M) communications

+ Evaluation of Small cell enhancements for interference mitigation, radio based

synchronization for the improvement in spectrum efficiency.

+ Focussed on power efficient, public safety Proximity services (Prose).

+ Interoperability Features (SON’s).

+ Handover performance improvement in Het-Nets.

1.4 MICROSTRIP ANTENNA: AN OVERVIEW

The initial concept of MSPA was proposed by Deschamps [4] in 1953. In 1970,
Munson [5] and Howell [6] demonstrated the MSPA in practical form. The
researcher’s community has shown the deep interest in MSPA over the passage of
time because of its extraordinary advantages. The MSPA can be effortlessly
fabricated on low—cost printed circuit board, thus MSPA is also known as printed
antenna. The MSPA also have advantages as these are light-weight, small size,
low cost and low—profile which leads to design of numerous MSPA to use in
multiple applications [7]. Due to these advantages, the MSPA became extremely
popular for small communication systems like Wireless Fidelity (Wi-Fi),
Bluetooth, Worldwide Interoperability for Microwave Access (Wi-MAX), digital

media broadcasting, personal and mobile communications.
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Figure 1.2: The view of microstrip patch antenna (MSPA)
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Figure 1.3: The basic radiating patch shapes of MSPA

The microstrip antennas are preferred over conventional microwave antennas
because of its numerous extraordinary advantages for several practical
applications. The patch antennas are most common type of the microstrip
antennas that are used at microwave frequencies. The simplest form of MSPA
comprises of a radiating patch on the dielectric substrate and a ground plane on
the reverse side of it [8]. The thin copper foil coated with anti-corrosion metal like

tin, nickel, gold etc. is used for patch and ground plane. The patch of microstrip
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antenna from which energy is radiated known as radiating patch and it have many
shapes like circular, dipole, pentagon, cross, L-shaped, square, triangular,
rectangular, ring sector etc. The most common and preferable type is the
rectangular shape and the antenna with this shape is known as rectangular
microstrip antenna as shown in Figure 1.2. The other kinds of shapes for patch of

microstrip antennas that are used in practical applications are shown in Figure 1.3.

1.5 THE ANTENNA SUBSTRATE

The substrate is of an insulating material such as Flame-Retardant-4 (FR4) and
Rogers RT/Duroid 5880. These materials are most common used due to ease of
availability depending upon the value of relative permittivity (&), the substrate
used for microstrip patch antenna is categorized as:

1. for 1.0 << 2.0, substrate must be of honeycomb, polystyrene foam or

air
2. for2.0<e<4.0substratetypicallymadeupoffiberglassreinforced Teflon

3. for &>4.0 substrate is comprised of glass, marble, mica, gallium arsenide
To have better efficiency, wide impedance bandwidth and for overall good

performance of MSPA, a thick substrate with lower dielectric constant is desirable

[9].
1.6 FEED TECHNIQUES TO MICROSTRIP ANTENNA

The diversity of techniques is existed in literature to transfer radio frequency (RF)
power from source to antenna; these techniques are known as feeding techniques.
The existing feeding techniques are broadly categorized as non-contacting and
contacting techniques [10-12]. In the case of non-contacting techniques, the RF
power is transferred among RP and microstrip line by coupling electromagnetic
field whereas, in the case of contacting techniques, RF power is directly fed
through physical contact via microstrip line from source to RP. The MSPA is fed

with four most popular common feeding techniques:

e Aperture coupling[9]



e Microstrip line[10]
e Coplanar feed (coaxial probe)[11]
e Proximity coupling[12]

Out of these, microstrip line and coaxial probe are contacting feeding techniques
whereas proximity coupling and aperture coupling are non-contacting techniques.
Feeding towards the microstrip line is quite uncomplicated implementation
because it is fabricated while construction of antenna and the extension into array
is also feasible.

1.7 DESIGNING MODELS

The various models for designing of MSPA’s [13] are broadly classified as

e Transmission line model [13,14]

e Full wave analysis model[15]

e Cavity model[16]
1.8 CHARACTERISTICS OF MSPA’S

The dominant requirements of an antenna are to have wide impedance bandwidth,
high gain, low weight, small size and embedded installation [17]. The MSPA
offers many essential merits, however basic MSPA and its arrays also have some

demerits. The merits and demerits of the MSPA are given below:

1.8.1 MERITS OF MSPA’S

e The MSPA‘s are of low profile, having the order of thickness not more than

0.03 4, (where A, is denoted as wavelength in the free space)
e The MSPA offers both circular as well as linear polarization

e The MSPA are light weight and very thin antennas, as they are
constructed by placing perfectly electrical conductor (PEC) on the thin

substrate.



The MSPA‘s can be easily fabricated on inexpensive materials like FR4

The operation in multiple frequency bands are also possible using MSPA’s

The active components can also be integrated with in the structure of
MSPA due to its planar form

The manufacturing process of MSPA is also easy as compared to

conventional antennas

1.8.2 DEMERITS OF MSPA’S

Despite abundant merits of MSPAs over conventional antennas, the MSPA’s also

suffer from some demerits as follows:

e The MSPA have low radiation efficiency

e Due to surface waves, the higher modes may be excited which in turn

reduces the antenna gain

e The MSPA ‘s have relatively low power handling capability compared to

conventional antennas

¢ Due to existence of higher horizontal component of surface current, the

MSPA may have high cross polarization

e MSPA may have high feed network losses

The major restrictive factor for MSPAs is that the fractional impedance-
bandwidth is in the range of 1-5 %, therefore the use of MSPA’s for wide range
of applications are not possible. Thus, the researchers got scope in this field and
achieved [18] 70 % of fractional impedance bandwidth in the short span of past
20 years. Along with the improvement of fractional impedance-bandwidth in
MSPA, there is also need to maintain fractional-gain-bandwidth, peak-gain,
impedance, omnidirectional radiation patterns, and depth of return loss or through

power (%).



1.9 ANTENNA PARAMETERS

Antenna performance is analysed on the basis of following parameters:

1.9.1 Antenna Gain: It may be is defined as the capability of the device to transmit
and radiate in particular direction as compared to isotropic antenna. Directional
antenna gives better performance in one direction than isotropic antenna. For
transmitting antenna, gains are the factor of input energy conversion into radio waves
in one direction and for receiving antenna gain defines how much radio frequency
wave are converted into electrical signal. Antenna gain is basically functioning of
antenna efficiency and directivity. Graphical representation of gain with respect to
directivity is called radiation characteristics of antenna. Gain in terms of efficiency

and directivity is given as follows:

G=nD (1.1)

Here, D is directivity and 7 is efficiency of antenna which is unit less and lies between
(0 <n < 1), and =1 for lossless antenna. Practically gain of antenna at all times not

more than directivity.

Gain is of two types:
(a) Power gain (Gp)
(b) Directive Gain (Gd)
Power Gain (Gp): It is defined as the ratio of radiation intensity in particular given

direction to the total average power input power applied across antenna.

_u(6,p) _ 4mu(6,9)
" Pt/am Pt

Gp (1.2)

Here, Pt is the total power and P; = P, + P; P, is the Radiated power and P; is the

ohmic loss in antenna

Directive Gain (Gg): It is expressed as the ratio of antenna radiation intensity in
given headed direction to the average antenna radiated power.

_U(6,9) _ 4mu(6,9)
Gd _Pr/4n' - Pr (13)

10



Directive gain is independent of radiated power and antenna losses, so maximum

value of Gd is directivity of antenna.
Gp=nGd (1.4)

1.9.2 Directivity: Antenna directivity is defined as the measurement of how
directional any antenna has its radiation pattern. Antenna directivity is defined in
terms of decibels (dB). Radiation pattern of antenna will be more focused or
concentrated in one particular direction if antenna directivity is high and will travel
long distance. Omnidirectional antenna that radiates equally in all directions has 0 dB
directivity. Directivity is defined in terms of antenna gain and electrical efficiency. It
is maximum value of its directive gain and is represented by
D(O,¢)= prot (L5)

Here, 6 and ¢ are the zenith angle and azimuth angles respectively. Also, Directivity
is defined in terms of ratio of maximum power density to average value of power

observed in far field over S-sphere.
D= P(0,¢)max/P(0,¢ )av (1.6)

Directivity value D lies between 1 and oo. For isotropic antenna directivity can be

calculated below:
D= —=—=1 (1.7)

1.9.3 Input Impedance: Antenna input impedance is defined as “the impedance
presented by an antenna at its terminals or the ratio of the voltage to the current at the
pair of terminals or the ratio of the appropriate components of the electric to magnetic

fields at a point™. It is defined by following mathematical expression;
Zin = Rin + JXin (1.8)

Where Zin is the antenna input impedance, Rin antenna resistance and antenna

reactance at the terminals is specified by Xin respectively.
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How much power is stored in antenna near field, is presented by imaginary part of
input impedance Xin. Rin in the resistive part of input impedance which consists of
two components further, Radiation resistance Rr and loss resistance RL. The actual
power radiated by antenna is the power associated with radiation resistance, and
power dissipated in terms of heat is the power loss due to dielectric or antenna

conducting losses.

1.9.4 Return Loss: It is the function of transmitted power and reflected power in dB.
It is mostly measured at the input of the coaxial cable connected to the antenna. If Pt
is the source transmitted power and Pr is the reflected power than ratio of Pr/Pt is
termed as return loss. Of return loss should be very small to transfer maximum power.
Return los ism mainly presented in negative and should be as large a negative
number. Large negative is the value, good will be the return loss. The required value
to transfer the power of its maximum RL should be as low as probable. It is expressed

in dB as follows:
RL (dB) =-20logl0O I’ (1.9)

Where | I' | = is the reflection coefficient

1.9.5 Radiation Intensity: It may be defined as power radiated from antenna with
respect to per unit of solid angle U that is independent on that part of the sphere
surface in both horizontal and vertical planes. Antenna radiation intensity is related to
beam direction and beam efficiency in that direction. It is used to measure radiation
from antenna due to its independence on measurement range. Radiation intensity can

be measured w.r.t isotropic antenna and given as;
Radiation Intensity U:% (1.10)

By plotting radiation intensity with different directions radiation pattern can be

achieved.

1.9.6 VSWR: This parameter is used to measure how efficiently antenna impedance
is matched with transmission line to deliver maximum power. To transfer maximum
power between source and load, impedance of both terminals should be matched.

Also, when transmission line is not properly terminated, then travelling wave is
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reflected back completely or partially at the termination end. So, the combination of
these incident and reflected waves give rise to voltage standing waves along the
transmission line. This ratio of maximum to minimum amplitude of vo