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CFU (University Educational/Formation Credits): 6
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Lecture Day/Time:

Tuesday 9.00 to 11.30

Wednesday 11.30 to 14.00

Room: 324

Lectures are given in English
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Course Details



The course consists of:

Frontal lessons with slides

Exercises

Laboratory training

Software training

Written exams in itinere

Correction of the written exams
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Course Organization



 Written exams in itinere

 Optional final oral exam 

 Final exam
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Exam Procedure



The objective of this course is to provide:

- the theoretical background and the latest developments  

in the field of the wireless technologies

- practical training to acquire competencies with

laboratory instruments and softwares 
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Course Aim



Wireless communication is the transfer of information between two or

more points without the use of electrical conductors or “wires”.

Even in ancient times, people used communication systems, which

can be categorized as wireless.

The first reported telecommunication systems were the smoke signals

of the Greek warriors.

Wireless communications is rapidly becoming one of the ubiquitous

technological underpinnings of modern society.
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Wireless Communication



Nowadays we are witnessing an information and communication

technology (ICT) revolution that is rapidly and radically transforming

our lives.

To meet the new challenges and opportunities created by the ICT

revolution, it is mandatory to be competitive by investing time and

resources in developing innovative technologies for wireless

communication.

In view of the continuous progress of the wireless systems and the

proliferation of their applications, from mobile phones to satellite

services, there is a strong interest for the wireless technologies.
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Wireless Technologies
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Course Material 



Introduction to Wireless Technologies
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The beginning of the third millennium is witnessing the continuous

development of the information and communication age.

In such context of rapid and deep changes, it is necessary to be

competitive by investing in innovative technologies in the field of data

transmission.

In particular, attention should be paid to the extraordinary progress of

the wireless communications.

The wireless transmission systems, which find application from mobile

telephones to satellite services with frequency range from hundreds of

megahertz to hundreds of gigahertz, are based on the transmission of

the information through the propagation of electromagnetic waves in

air or space without the use of wire.
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Wireless Technologies



Electromagnetic wave existence and propagation was first

worked out mathematically before it was physically

measured.

James Clerk Maxwell was the early theoretician, predicting

theoretically the existence electromagnetic waves in 1873.

There was no experimental proof of the existence of

electromagnetic waves until Heinrich Hertz demonstrated

the generation and detection of radio waves in 1887.

Heinrich Hertz used Maxwell's theory to prove

experimentally the existence of these waves.

Guglielmo Marconi invented the wireless telegraph in 1896.
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Electromagnetic Waves



Definition of wireless: the transmission and reception of signals by

means of electromagnetic waves without a connecting wire.

Wireless transmission occurs by means of propagating electric and

magnetic fields, or electromagnetic waves

Electromagnetic waves transport energy, due to varying electric and

magnetic fields.
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The main advantages of the wireless transmission media over wired

systems consist in the flexibility of station placement, a simple installation

without needing cables, an easy reconfiguration, and the possibility of

having mobile stations.

The wireless technologies are based on the transmission of the

information through the air, which may seem to be an inexhaustible

resource. Nevertheless, we can realize the shortage of this source if we

keep in mind, for example, the enormous investments of the mobile

phone operators for buying the UMTS licenses. As a matter of fact, to

avoid that the receivers detect data that cannot be correctly decoded

because of the interferences between signals transmitted with the same

or similar frequencies and travelling in the same spatial region, the

electromagnetic spectrum is divided into frequency bands.
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Wireless Technologies



The electromagnetic spectrum is not an inexhaustible resource and,

consequently, its use is subject to national and international

regulations and guidelines. The assignment of the spectrum bands

are typically very expensive and that highlights the need of ensuring a

sustainable use of such limited resource by enabling a more efficient

use.

For wire-line systems, we can simply install new cables to increase

capacity. For wireless systems, the channel can only be shared by the

users. Capacity does not increase
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Wireless Technologies



The bit-rate transmission capacity is directly proportional not only to

the bandwidth but also to the signal to noise ratio.

As a consequence, in the technology process selection, the noise

characteristics play also an important role.
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Wireless Technologies



An higher efficiency allows saving power and, hence, minimizing the

energy consumption (green communications). The energy saving

represents an important target (if we think to the huge increase of the

mobile communication systems) especially for the final stage of the

transmitter, which is the most critical part of the whole transmitter

since it should transmit high power signals.
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Wireless Technologies



Wireless means exactly what it says: “without wires”

In a wireless communications system, there is no physical connection

between the transmitter and the receiver

Wireless signals are important because they can transfer information -

- audio, video, our voices, data -- without the use of wires
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Wireless Signals



When a device sends out a wireless signal, it is called a transmitter.

When another device picks up that wireless signal and understands

the information, it is called a receiver.

In the case of FM radio, there is one transmitter--owned and operated

by the radio station--and many receivers that people listen to the

station with.

Transmitter Receiver
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Transmitter and Receiver



When a device has both a transmitter and a receiver,

it is called a transceiver

Transceiver
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Transceiver



Cordless telephones have eliminated the cord between the base

unit and the handset. In a cordless telephone, the cord is replaced

by a pair of RF transceivers, one in the base and one in the

handset, that allow the user to move freely within the radio

coverage range of the transceivers.

In a cordless telephone system, the base is connected to a

conventional telephone line and contains an RF transceiver that

sends and receives signals to and from the handset, which is not

connected to the base and which the user can carry around. The

handset is battery operated and also contains an RF transceiver

so it can communicate with the base station.

Popular cordless phone frequencies are: 900 MHz, 2.4 GHz, and

5.8 GHz.
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Cordless Telephone System



The range of a cordless phone refers to the distance that you

can talk with and operate the cordless handset away from the

main base unit. It can be measured in two ways:

Line of sight (L.O.S.) distance from the handset to the base

(i.e., the operational distance between the handset and the

base when there are no visual obstacles that could cause

interference... such as walls or other houses. This L.O.S

distance is often quoted by companies but is not really

representative of normal usage distances)

Actual normal usage (internal) distance of the phone in typical

home conditions
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Cordless Telephone System



The range of a cordless phone very much depends on the

environment conditions, the type of materials used in the

construction of the building, the technology used for the

cordless phone.

Internal range can be up to 100 m and up to 1000 m L.O.S.
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Cordless Telephone System



All wireless signals are transmitted using the electromagnetic spectrum

(radio frequencies, RF), which is a universally shared resource.

There are no precisely defined boundaries between the bands of the

electromagnetic (EM) spectrum. The boundaries are fairly arbitrary and

are used variously between different fields of study.

Microwaves form part of the EM spectrum with frequencies ranging

from 300 MHz to 300 GHz and wavelengths of 1 m to 1 mm

respectively.
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Electromagnetic Spectrum



Microwaves can be further classified into three bands:

- the Ultra High Frequency (UHF) band 300 MHz - 3 GHz 1m-10cm

- the Super High Frequency (SHF) band 3 - 30 GHz 10cm -1cm

- the Extremely High Frequency (EHF) band 30 - 300 GHz 10mm-1mm

This broad definition includes both UHF and EHF (millimeter waves)
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Electromagnetic Spectrum



In all cases, microwave includes the entire SHF band at minimum, with

RF engineering often putting the lower boundary at 1 GHz and the

upper around 100 GHz.

The EHF band has a wavelength of 10 mm to 1 mm, giving it the name

millimeter band or millimetre wave, sometimes abbreviated MMW or

mmW.

Above 300 GHz is considered sub-millimeter waves because the

wavelength is below one millimeter. It is also referred to terahertz

waves. This term is normally used for the region of the electromagnetic

spectrum between 300 GHz and 3 THz (3000 GHz), corresponding to

the sub-millimeter wavelength range between 1 mm and 100 mm.
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Electromagnetic Spectrum



Usually, microwaves are considered as a subset of Radio frequency

(RF) extending from about 30 kHz to 300 GHz, however an alternative

convention treats radio waves and microwaves as two spectral regions

with RF covering from 30 kHz to 300 MHz.
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Electromagnetic Spectrum



The boundary between “RF” and “microwave” design is both somewhat

indistinct as well as one that is continually shifting as device

technologies and design methodologies advance.

The prefix "micro-" in "microwave" is not meant to suggest a

wavelength in the micrometer range.

The origin of the prefix micro- is an ancient Greek word which meant

“small. It indicates that a microwave is a relatively “small” (short

wavelength) radio wave.
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Electromagnetic Spectrum



Electromagnetic Spectrum
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A wavelength is the length of one cycle of a signal, as illustrated in

figure. Wavelength is designated by the symbol λ.

As can be seen in figure, one wavelength is the distance between two

points that have a repeat value.
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Wavelength



Electromagnetic waves are typically described by any of the following

three physical properties: the frequency n, wavelength l, or photon

energy E.

c = nl0 E = hn

c (speed of light in vacuum ) = 3 x 108 m/s

h (Planck's constant) = 6.62 10-34 joule * second

1 eV = 1.602 10-19 joule

In any other medium the speed of propagation v = c/n = nl = nl0/n

- n is the refractive index of the medium (n = c/v)

- l is the wavelength in the medium
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Electromagnetic Spectrum



The radio spectrum is the range of frequencies used for wireless

applications such as like maritime and aviation navigation systems,

radio and television broadcasting, mobile phones, satellite

communication systems, radio astronomy.
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Radio Spectrum: Wireless Applications



In recent years, the research and developments in the area of RF and

microwave technologies have progressed significantly due to the

growing demand for applicability in wireless communication

technologies.

The rapid development of microwave technology came during World

War II when the radar, being the first major application of microwave

technology, was intensively developed because of the urgent need to

improve radar detection of enemy aircraft and submarines.

Since their rapid development during World War II, microwaves have

been expanded to numerous applications in addition to radar and

communication.

The advance of microwave applications is not complete and probably

never will be. Certainly the last decade has seen an explosive growth in

applications. Witness the adoption of the cellular telephone, which

today rivals the wired telephone in numbers of applications.
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Microwave Technologies



Radar (RAdio Detection And Ranging*)

Radar is a method of determining the presence, location, velocity and

other characteristics of a target through the use of equipment that

operates at microwave frequencies. A microwave signal is transmitted

by radar and is reflected from the target back to the radar. The reflected

signal is compared with the transmitted signal to determine the velocity,

distance and shape of the target.

Now radar is widely used for applications such as air traffic control,

weather forecasting (monitor and provide information on precipitation,

wind speed and cloud formation), navigation of ships, space exploration

(study of distant stars and planets), speed limit enforcement, ect…

* ranging = distance
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Radar
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Microwave Applications

Microwave technologies have revolutionized the communication and transfer of

information in the modern world. Examples include radio, television, mobile

telephone, automobile remote door locks, garage door openers, communication

satellites, ect…

Medical Applications: Microwaves can also be used in the hyperthermia treatment

of cancer by raising the temperature of the cancerous tissue to kill it.
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Microwave Oven

The use of microwave ovens is widespread in the world today.

Microwave ovens heat and cook foods quickly and efficiently.

When most people hear the term microwave, they immediately

think of microwave ovens.

That is natural and perfectly all right, since microwave ovens

operate with a frequency of about 2.45 GHz, which is in the low end

of microwave.

In a microwave oven the microwaves (electromagnetic waves

around the frequency of 2.45 GHz) are produced by a device called

a “magnetron” - it generates the energy that heats food.


