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Preface

Ever since the discovery of radio waves by Hertz in 1886, wireless communication
technologies have continuously evolved. The expansion is so remarkable that today
wireless technology touches every aspect of our lives. Wireless Local Area Network
(WLAN) is a disruptive technology that is replacing most of the wired LANs and
wired WANs. WLAN technology is based on the IEEE 802.11 standard which is
continually expanding and evolving to support higher throughput capabilities, low-
latency, enhanced positioning and location capabilities, and vehicle-to-vehicle capa-
bilities. Personal workspaces are getting transformed to wireless through Wireless
Personal Area Network (WPAN). WPAN enables adhoc connectivity among portable
communication devices at a short range. A vital component in the wireless commu-
nication technology is the antenna integrated with the transceivers. Highly efficient
antennas are essential to maintain and improve the signal quality. Consequently,
antenna designs for WLAN are also going through lot of innovation with different
functionalities incorporated into state-of-the-art antenna designs.

This book is aimed not only to describe up-to-date WLAN antenna designs, but
also to provide enough information to anyone who wants to design a WLAN antenna
or a radiating system to be deployed for practical coverage. The book primarily
focuses on pattern diversity antennas. Pattern diversity antennas are very vital in
wireless communication. High correlation between multiple signals can result in low
data throughput which can be solved by using antennas with pattern diversity. Beam
scanning antennas and their different types are also described in detail. Pattern diver-
sity antenna systems with multiport feeds are also comprehensively discussed in this
book. For a multiport system to maintain a reasonable link budget, equal antenna
gains are preferred for the required antenna coverage. The book further describes
latest techniques to enhance and equalize the antenna gain within a compact radi-
ating system. With increasing demand for faster connectivity with minimum path
loss, the demand for high-gain antennas is rapidly increasing. Detailed discussion on
gain enhancement with latest high-gain antenna designs is required while describing
WLAN antennas. Some antenna designs discussed in the book use additive manufac-
turing for their design and fabrication. Additive manufacturing is a much sought-after
technology today that allows rapid development of antennas at an affordable cost.
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viii Preface

Recently reported WLAN antennas make use of this technology to develop versatile
antenna designs. Finally, the book includes a section on wideband antenna designs.
Antenna designs that reduce the scanning loss are also illustrated towards the end of
the book.

As mentioned, this book delves into the world of WLAN, exploring its working
principle, its evolution, and its potential to shape the future. Chapter 1 lays the foun-
dation by introducing the fundamental concepts of WLANS, laying the groundwork
for deeper exploration. Chapter 2 discusses the fascinating realm of pattern diversity
antennas, showcasing how they enhance signal quality and combat fading. Delving
into the topic of beam steering, Chap. 3 unveils the capabilities of electronic beam
scanning antennas, capable of directing signals with precision. Beyond electronic
scanning, Chap. 4 explores diverse beam scanning methods, including mechanical
approaches and using innovative methods such as using metasurfaces. Chapter 5
tackles the challenge of achieving wide-angle beam scanning, expanding coverage
possibilities for WLANS. To maximize signal strength and reach, Chap. 6 delves into
various antenna gain enhancement techniques, utilizing metamaterials and sophis-
ticated cavity designs. Chapter 7 builds upon this foundation, for enhancing gain
and equalizing signals in WLAN antennas, leading to more robust communication.
Chapter 8 presents the exciting potential of multiport antennas, enabling the creation
of multiple data streams and catering to multiple users simultaneously. Finally,
Chap. 9 explains the transformative power of 3D printing, revealing its potential
to revolutionize antenna design with customized and intricate solutions.

New Delhi, India Shiban K. Koul
New Delhi, India S. Swapna
Bengaluru, India G. S. Karthikeya
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Chapter 1 ®)
Introduction to Wireless Local Area Geda
Network

1.1 Introduction

We are in an era where everyone and everything is interconnected. Along with people
using wireless networks to talk to one another, all possible electronic devices also
talk to one another. The traditional wired networks are now becoming more and
more obsolete with the onset of wireless networks. If users must be connected to a
network by physical cables, their movement would be dramatically limited, which
is inconceivable in today’s fast-paced life. Wireless connectivity, however, poses no
such restriction and allows a great deal of free movement on the part of the user.
There are many benefits to wireless communication like lower maintenance costs,
more flexibility, and better adaptability for challenging remote environments like
isolated deserts and steep valleys where wired networks cannot be installed [1]. As
a result, wireless technologies are becoming ubiquitous, replacing wired networks.
The use of Wireless Local Area Network (WLAN) systems is rapidly growing in the
communications industry. A WLAN enables devices to connect and communicate
based on radio transmission rather than wired connections. WLANS transmit data
using high-frequency radio waves and often include an access point to the Internet.

1.1.1 Radio Spectrum: A Key Resource of Wireless Networks

Audio frequencies extend from 3 to 20 kHz in the very low-frequency (VLF) band,
whereas radio frequency (RF) occupies a very wide range of spectrum (20 kHz—
300 GHz). Depending on the nature and requirement of the application, suitable RF
frequency can be selected [2].

The spectrum is divided into different frequency bands as shown in Fig. 1.1 and
each band has a specific application. This spectrum would be typically allocated
to companies or organizations depending on the state policies. For most countries,
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the RF (Radio Frequency) spectrum is a national resource, like water, land, gas,
and minerals [3]. The use of radio spectrum is rigorously controlled by regulatory
authorities through licensing processes. In the USA, regulation is done by the Federal
Communications Commission (FCC). European allocation is performed by the Euro-
pean Radiocommunications Office (ERO) of the European Conference of Postal and
Telecommunications Administrations (CEPT). In India, the spectrum allocation is
performed by the Telecom Regulatory Authority of India (TRAI). Different national
bodies are coordinated by an international body, the International Telecommunica-
tion Union (ITU) for the purpose of standardization of global telecommunications.
Table 1.1 lists some common frequency bands used.

In this book, the focus is more on the Industrial Scientific and Medical (ISM)
bands as these are popular for numerous commercial applications. ISM bands are

~
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Fig. 1.1 Electromagnetic spectrum

E?;Leei; b(;g(rlr;n[l:]n Band Frequency range | Typical applications
HF 3-30 MHz Short wave broadcasting
VHF 30-300 MHz Mobile radio communication
UHF 300-1000 MHz | TV broadcasting
UHFISM | 902-928 MHz GSM
L 1-2 GHz GPS
S 2-4 GHz 4GLTE
S Band ISM | 2.4-2.5 GHz Wi-Fi/Bluetooth
C 4-8 GHz Satellite communication
C Band ISM | 5.725-5.875 GHz | Wi-Fi
X 8-12 GHz Defense
Ku 12-18 GHz Satellite communication

18-26.5 GHz Satellite communication

Ka 26.5-40 GHz 5G (FR2)
Q 32-50 GHz Radio astronomy
U 40-60 GHz Band currently unused
v 50-75 GHz Millimeter wave radar
w 75-100 GHz Military radar
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set aside for equipment related to industrial, scientific, or medical areas and can be
operated without requiring any licenses.

1.1.2  Types of Wireless Networks

Wireless networks are categorized into four types according to the geographic area
where a signal and its services are available [5]. A complete wireless illustration is
shown in Fig. 1.2.

1.1.2.1 Wireless Personal-Area Network (WPAN)

WPAN uses low-power transmitters to create a short-range network, typically 20-30
feet (7-10 m). It is used to communicate among a group of private devices such as
wireless mouse, wearable devices, USB flash drives, digital cameras, thermostats,
lighting controls, and motion sensors. It has no connection to the outside world
and is only among the selected devices. This includes technologies like Bluetooth®,
Zigbee®. The unlicensed 2.4 GHz ISM band frequencies between 2.402 GHz and
2.480 GHz are used for the protocols.

F  Mobile phone
H ’ Laptop
"‘ Access point

Fig. 1.2 Wireless network illustration
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1.1.2.2 Wireless Local-Area Network (WLAN)

WLAN is a wireless service that connects multiple devices over a medium-sized
range up to 100 m. It eliminates the need for an access point by enabling users in a
small area to create a temporary network. However, through the usage of an access
point, it can be used to gain access to the Internet. The unlicensed 2.4 GHz and 5 GHz
ISM band frequencies with frequency bandwidth of 5.15-5.85 GHz are used.

1.1.2.3 Wireless Metropolitan-Area Network (WMAN)

WMAN is a wireless service over a large geographic area of more than 100 m but
smaller than a Wireless Wide-Area Network (WWAN). Licensed frequencies are
commonly used, and these spectra would be allocated by the state.

1.1.2.4 Wireless Wide-Area Network (WWAN)

WWAN is a wireless data service for mobile phones that is offered over a very large
geographic area (regional, national, and even global) by telecommunications carriers.
Only licensed frequencies are used here.

1.1.3 Commercial Wireless Technologies

Wireless connectivity technology like Bluetooth®, Wi-Fi, ZigBee® [6], RFID, NFC,
and Z-wave® [7] are used in short-range communication, while Cellular communica-
tion (2G and beyond) [8, 9], and LPWAN [10] are used for large-range communica-
tion. Bluetooth® uses radio signals to connect nearby devices like wireless speakers
and smartphones and share information between them. As a result, Bluetooth® can
be used in both Wireless LANs and Wireless PANs. ZigBee® and Z-Wave® specifi-
cations are also used to create wireless PANs primarily for smart home devices like
programmable light bulbs and security sensors.

Bluetooth®

The Bluetooth technology operates in the ISM band at 2.4 GHz. The Bluetooth
devices will connect and communicate through short-range networks known as
piconets. A piconet consists of a minimum of two and a maximum of eight peer
devices. The piconets are dynamically established as and when a Bluetooth device
enters and leaves a network. Bluetooth range is around 5—10 m and it consumes very
low power.
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Wi-Fi

Wi-Fi is a wireless technology that allows computers, mobile phones, and other
devices to interface with the Internet. The wireless access point allows the wireless
device to connect to Wi-Fi and it has a range of 20—100 m which could be extended
with repeaters. The ISM spectrum of 2.4 GHz and 5 GHz is used in the Wi-Fi. The
protocols that enable Wi-Fi communication are defined in the IEEE 802.11 standard,
which will be discussed in a later section.

ZigBee®

ZigBee is a wireless technology for low-power and low-data rate applications because
its focus is on wireless monitoring and control. The frequency range supported in
ZigBee is 2.4 GHz and it has a range of 10-30 m. When a device using ZigBee
finds another active device in its vicinity, it initiates communication without any
interruptions. ZigBee is used in smart home applications, healthcare devices, and
Sensors.

Radio Frequency Identification (RFID)

RFID is a wireless technology that can identify, locate, track, and monitor people
and objects without a clear line of sight between the tag and the reader. The main
frequencies used by passive RFID tags are 125 kHz, 134 kHz, 13.56 MHz, and 860—
956 MHz and active tags use 433 MHz and 2.45 GHz. The read range of an RFID tag
varies from 1 to 10 m based on the frequency and tag type used. RFID technology
has the potential to replace bar codes in the future.

Near-Field Communication (NFC)

NFC is a short-range, high-frequency, low-bandwidth wireless technology between
two NFC-enabled devices. It integrates RFID technology and a contactless smartcard
interface with mobile phones. The communication between NFC devices occurs at
13.56 MHz as in RFID but at a very close range of 4 cm or less. In the case of
contactless smart cards, the communication is performed when the devices are in
close proximity, and for contact smart cards, the communication is performed when
the devices are in contact with each other.

Z-wave

Z-wave is a wireless communication technology for home automation. It inter-
connects lighting, heating, security, and safety devices with devices from different
vendors able to work together. Z-wave uses the sub-1 GHz frequency with a range of
30-40 m. A Z-Wave mesh network can have interconnections of up to 232 devices.
The devices can be controlled via a Z-Wave remote control, a cell phone, or a PC.
Z-Wave devices can also be programmed to turn up the heater or turn off all lights
with one button.
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Cellular Communication

Cellular communication is a wireless technology that enables users to use voice and
data communication through mobile phones. Mobile communication technology has
continuously evolved in the past four decades, from the second generation to the fifth
generation. The 2G is designed to operate at the 900/1800 MHz frequency band, 3G
at 2100 MHz and 1920-2170 MHz, 4G at 700—800 MHz and 1710-2700 MHz, and
5G at 26/39 GHz band. Cellular communication is facilitated through various base
stations installed at fixed locations at various geographic locations by various service
providers.

Low-Power Wide-Area Network (LPWAN)

LPWAN is a wireless communication technology designed to allow long-range
communications with low-power consumption, low-cost interface, low transmission
data rates due to small packet sizes, and a long battery life. LPWAN-based appli-
cations are expected to be one-third of all IoT applications. LPWAN can provide
long-range communication up to 10-40 km in rural/desert zones and 1-5 km in urban
zones. LPWANS use sub-GHz band to achieve robust and reliable communication as
the sub-GHz frequencies have better propagation characteristics.

1.1.4 Benefits of Wireless Networks

Mobility: The most obvious advantage of wireless networking is mobility. WLAN
allows users to move around the coverage area, often a home or small office while
maintaining a network connection. A mobile telephone user can drive miles during
a single conversation because the phone connects the user through cell towers.
The access to the network is not bounded by the length of the cables.

Device adaptability: Wireless networks typically have a great deal of adaptability,
which can translate into rapid deployment. It supports the use of a wide range of
devices, such as computers, phones, tablets, gaming systems, and IoT devices.
Easier installation: The back-end infrastructure side of a wireless network is
qualitatively the same whether you are connecting one user or a million users.
A WLAN requires less physical equipment than a wired network, which saves
money, reduces installation time, and takes up a lesser footprint in typical office
settings.

Economical: The equipment and setup costs are reduced. To offer service in an
area, you need base stations and mobile terminals in place. Adding a device to the
network is a matter of configuring the infrastructure, and does not involve running
cables, punching down terminals, and patching in a new jack.

Scalability: Wireless networks are scalable in nature. Once the initial infrastruc-
ture is built, adding a user to a wireless network is mostly a matter of authorization,
which does not require additional infrastructure.



