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The topics of microwaves, in general, and wireless technology, in particular, 
generally are thought of as having a certain air of mystery to them. It is 

thought that to completely understand the phenomenon of high-frequency 
circuits it is necessary to have a large mathematical background. That is not 

the case. Microwaves can be understood by anyone who wants to learn about 
the subject. The only prerequisite is the desire to learn. 

https://www.google.it/url?url=https://www.viasat.com/antenna-systems&rct=j&frm=1&q=&esrc=s&sa=U&ei=Rn8PVKTnO8mf7Aa_joCwBw&ved=0CCgQ9QEwCTgU&usg=AFQjCNExeXWgz4eoNvDb9ekafHC__RSuBA


Wireless Technologies 

2 
Università degli Studi 
di Messina 

Course planning 
 

Introduction to wireless technologies  (12.5 h) 

Software for microwave CAD and analysis:  training and practice (15 h)   

Solid state devices for wireless technologies (7.5 h) 

Basics of microwave circuits (17.5 h) 

Basics of electromagnetic compatibility  (5 h) 

Some energy harvesting concepts and applications (2.5 h) 

 

 

Written mid-term and/or final examination 
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Frequency Bands 
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In the free space (vacuum): 

In a real medium (er , mr )  

 

 

n = √ er ∙ mr     ≥ 1   speed of light   v = c/n   Waves slow down and l  decreases    

For circuit miniaturization at microwaves, high er materials are desirable  
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Why microwaves for wireless technologies? 
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Free-space attenuation 

Freq (GHz) 

As the frequency increases, the transmission becomes more directional and short-ranging 
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Rainfall attenuation 

A major drawback at millimeter-wave frequencies is the rainfall attenuation 
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Skin Effect 

A typical microwave circuit mostly requires printed circuit components instead of conventional 
lumped components  (like carbon resistors, mica capacitors and wire-wound inductors of AM-
FM radio or television set).  The reason those components  cannot  be used is  a phenomenon 
called skin effect, which is the concept that high frequency energy travels only on  the outside 
skin of a conductor and does not penetrate into it any great distance.  A force, which  we refer 
to  as  a  microwave centrifugal  force,  keeps the energy  from  penetrating the surface of  the 
transmission line and makes it  follow a path along the skin of  the line rather than  down  into 
the entire  cross-sectional area, as in  low-frequency circuits.  For example, the  skin  depth  in 
copper at 10 GHz is 0.63 mm; for aluminum at 10 GHz, it is 0.78 mm; for silver, it  is 0.58 mm;  
and for  gold,  it  is 0.48 mm.  Thus, it can  be seen  that  the  microwave energy truly  does 
travel along the top edge of the metal. In consequence, any metal stripe conducting a 
microwave signal must be at least 3-4 times the skin depth to have proper operation. 
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Since the high-frequency signals and transmission lines do not allow energy to penetrate very 
far into a conductor, it makes no sense to have round (radial) wire leads on components for 
microwave applications. The energy would travel only on the skin of the lead and be very 
inefficient. That is why you see ribbon leads or no leads with solder termination points on most 
microwave components. It also is why you do not see many physical components on a 
microwave circuit board. They are there, but they are distributed over a large, thin area and 
result in the same values as a lumped device that would be used at lower frequencies; hence, 
the term distributed element components. 
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Power and Gain Measure: dB – dBm   

The decibel dB is a relative term with no units because is a ratio of two powers (or voltages)  
10 log P2/P1 (20 log V2/V1 ).  Thus, it can be positive (gain) or negative (loss) according to the 
fact that P2> P1 or P2< P1 . The term decibel tells you only how much a device increases or 
decreases a  power or voltage level. It does not tell you what that power or voltage level 
actually is. That is valuable in determining a system’s overall gain or loss. For example, if we 
had a filter with a 2-dB loss, an amplifier with a 20-dB gain, an attenuator with a 6-dB loss, and 
another amplifier with a 12-dB gain, the overall setup (or system) would have a +24-dB gain. 
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Whereas decibel is a relative term, decibels referred to milliwatts (dBm) is an absolute 
number, that is, decibels referred to milliwatts are specific powers (milliwatts, watts, and 
so forth). To determine decibels referred to milliwatts you need only one power. If you 
have a power of 10mW, for example, you would take that power, divide it by 1 mW, take 
the log of the result, and multiply it by 10 (+10 dBm, in this case). As can be seen, the 
value of +10 dBm tells you that a definite 10 mW of power are available from a source or 
are being read at a specific point. That differs greatly from +10 dB, which only means that 
there is a gain of 10 dB (gain of 10). So whenever you require absolute power readings, 
use decibels referred to milliwatts. 
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The terms decibels and decibels referred to milliwatts can be used together, as illustrated in  
the figure below. The system has an overall gain of +14 dB. You can also see that we are 
applying a +10-dBm signal at the input. By following the decibel and decibel-referred-to-
milliwatt levels throughout, you can see that the output is +24 dBm, which is exactly 14 
dBm higher than the input, just as it was when we were working only with decibels. 
Thus, it is shown that decibels and decibels referred to milliwatts can be used together. 
By following the same procedure, you may find useful to work with either dBW or dBmW.  
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Wireless applications   

The first wireless transmitters went on the air in the early 20th century using radiotelegraphy (Morse code). 
Later, as modulation made it possible to transmit voices and music via wireless, the medium came to be 
called "radio." With the advent of television and data communication, and the effective use of a larger 
portion of the spectrum, the term "wireless“ (counterpart of “wireline”) has been adopted.  
 
Common examples of wireless equipment in use today include: 
• Cellular phones and pagers -- provide connectivity for portable and mobile applications  
• Global Positioning System (GPS) -- allows a mobile receiver to ascertain its location anywhere on earth 
• Cordless computer peripherals – mouse, keyboards and printers can now be linked to a computer via 
wireless (either microwave or optical link) 
• Cordless telephone sets -- these are limited-range devices, not to be confused with cell phones 
• RFID - Radio Frequency Identification and Detection 
• Remote garage-door openers -- one of the oldest wireless devices in common use by consumers 
• Satellite television -- allows viewers in almost any location to select from hundreds of channels 
• Wireless LANs or local area networks -- provide flexibility and reliability for business computer users and for 
domotic  applications 
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Wireless can be divided into: 
 
Fixed wireless -- the operation of wireless devices or systems in homes and offices, and in 
particular, equipment connected to the Internet via specialized modems 
Mobile wireless -- the use of wireless devices or systems aboard motorized, moving 
vehicles; examples include the automotive cell phone and PCS (personal communications 
services) 
Portable wireless -- the operation of autonomous, battery-powered wireless devices or 
systems outside the office, home, or vehicle; examples include handheld cell phones and 
PCS units 
IR wireless -- the use of devices that convey data via IR (infrared) radiation; employed in 
certain limited-range communications and control systems 
 
http://www.engineersgarage.com/articles/ 
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RADAR – RAdio Detection and Ranging 

Radar is an object-detection system that uses EM waves to determine the range, altitude, direction, or speed 
of objects. It can be used to detect aircraft, ships, spacecraft, guided missiles, motor vehicles and weather 
formations. The basic principle behind radar is that of a transmitter sending out a very short duration pulse at 
a high power level. The pulse is controlled by a pulse-forming network and begins the time sequence when it 
is transmitted. The pulse strikes an object or target and reflects a small part of the energy back to the radar 
receiver. The time it takes for the pulse to be transmitted, bounce off an object, and be received determines 
the distance that object is away from the radar antenna.  
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RADAR – RAdio Detection and Ranging 

The angular determination of the target is determined by the directivity of the antenna. Directivity, also known 
as the directive gain, is the ability of the antenna to concentrate the transmitted energy in a particular direction. 
An antenna with high directivity is also called a directive antenna. By measuring the direction in which the 
antenna is pointing when the echo is received, both the azimuth and elevation angles from the radar to the 
object or target can be determined. The accuracy of angular measurement is determined by the directivity, 
which is a function of the size of the antenna. Radar units usually work with very high frequencies. Reasons for 
this are: 
• quasi-optically propagation of these waves 
• high resolution (the smaller the wavelength, the smaller the objects the radar is able to detect) 
• higher the frequency, smaller the antenna size at the same gain 
 

http://www.radartutorial.eu/ 
 
 
 

http://www.radartutorial.eu/
http://www.radartutorial.eu/
http://www.radartutorial.eu/
http://www.radartutorial.eu/
http://www.radartutorial.eu/
http://www.radartutorial.eu/
http://www.radartutorial.eu/
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In a basic radar block diagram there is always the duplexer, or transmit/receive (T/R) switch. The duplexer is 
a circuit that switches the antenna from the transmitter to the receiver at the proper time so the signal can 
be transmitted to perform its tasks without destroying the receiver in the process. At the same time, the 
switch allows the very low level signal coming back from a reflection to be sent to the receiver and not back 
into the transmitter. The duplexer can be a physical switch or a series of transmission lines that performs 
the switching functions. Such a switch is important for proper operation of the radar system, because it 
protects the system’s receiver.  A typical radar signal timing is shown in the figure. Here the pulse width, 
designated as τ, tells how long the signal is on. The pulse width is an important term to know, since it 
determines the actual operation of the pulsed system. A second term that goes along with the pulse width is 
the pulse repetition rate (PRR) and its reciprocal is called pulse repetition frequency (PRF). The PRR, 
designated as T, tells you the amount of time between pulses, i.e. how often the pulses occur in the system. 
The duty cycle is the ratio of the pulse width  to the pulse repetition rate,  τ/T. The duty cycle is the 5%, 6%, 
7%, 10%, or whatever percentage of time that the signal is actually present. 

RADAR – RAdio Detection and Ranging 
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RADAR – RAdio Detection and Ranging 

Another term to be addressed is peak power, which is the amount of power present at the top of the pulse. Peak 
power usually is quite high, but it is present for only a short period of time. You will see many components 
characterized with both a peak power specifications and CW power specifications. When you have a pulsed 
system, you also will be concerned with average power. Average power is defined as the peak power multiplied by 
the duty cycle.  The radar equation allows to quantify the amount of received power as a function of the system 
specs and the target features 
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RADAR – RAdio Detection and Ranging 

 
 

The radar cross section st    summarizes the size and ability of a target to reflect radar energy. It is quite 
difficult to estimate and it is normally determined by measurements. 



Wireless Technologies 

2
1 

Università degli Studi 
di Messina 

RADAR – RAdio Detection and Ranging 

Converting the radar equation 
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RADAR – RAdio Detection and Ranging 
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RADAR – RAdio Detection and Ranging 

The overall receiver sensitivity is directly related to the noise figure of the radar receiver that 
needs an optimal design of the very front-end components. The Low-Noise Amplifier (LNA) is 
thus a key block characterized by a low noise figure and a high gain. 



Wireless Technologies 

2
4 

Università degli Studi 
di Messina 

RADAR – RAdio Detection and Ranging 

In Frequency Diversity Radar the decreasing of fluctuation loss can 
effectuate either an increased maximum range or an increased 
probability of detection. 
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RADAR – RAdio Detection and Ranging 

 
The applications and functions of radar systems can be categorized as follows:  
• search and warning 
• tracking and measurement 
• imaging (identification) 
• control and communication 
The modern uses of radar are highly diverse, including air traffic control, radar astronomy, air-defense systems, 
antimissile systems; marine radars to locate landmarks and other ships; aircraft anticollision systems; ocean 
surveillance systems, outer space surveillance and rendezvous systems; meteorological precipitation monitoring; 
altimetry and flight control systems; guided missile target locating systems and ground-penetrating radar for 
geological observations. High tech radar systems are associated with digital signal processing and are capable of 
extracting useful information from very high noise levels. 



Wireless Technologies 

2
6 

Università degli Studi 
di Messina 

In the context of spaceflight, a satellite is an artificial object which has been intentionally 

placed into orbit. Such objects are sometimes called artificial satellites to distinguish 

them from natural satellites such as the Moon. Satellites are used for a large number of 

purposes. Common types include military and civilian Earth observation 

satellites, communications satellites, navigation satellites, weather satellites, and 

research satellites. Space stations and human spacecraft in orbit are also satellites. 

Satellite orbits vary greatly, depending on the purpose of the satellite, and are classified 

in a number of ways. Well-known (overlapping) classes include low Earth orbit 

(LEO), polar orbit, and geostationary orbit (GEO - geosynchronous equatorial 

orbit).  Communications satellites and weather satellites are often placed in 

geostationary orbits, so that the satellite antennas which communicate with them do not 

have to rotate to track them, but can be pointed permanently at the position in the sky 

where they stay. 

Satellite technology 
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Satellite technology 
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COMSAT – Communication satellites 

A communications satellite or comsat is an artificial satellite sent to space for 

the purpose of telecommunications. For fixed (point-to-point) services, 

communications satellites provide a microwave radio relay technology 

complementary to that of communication cables. They are also used for mobile 

applications such as communications to ships, vehicles, planes and hand-held 

terminals, and for TV and radio broadcasting. 
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The Iridium satellite constellation is a large group of satellites 

providing voice and data coverage to satellite phones, pagers 

and integrated transceivers over Earth's entire surface. Iridium 

Communications Inc. owns and operates the constellation and 

sells equipment and access to its services.  

COMSAT – Communication satellites 
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• An earth station transmits information signal to the satellite using a highly directional dish antenna. 
• The satellite receives this signal, processes it and transmits it back at a reduced frequency. 
• The receiving earth stations will receive this signal using parabolic dish antennas pointed towards the 
satellite. 
• The signal which being transmitted upwards to the satellite is called as the "up-link"  
• The signal which is transmitted back to the receiving earth station is called as the "down-link" and it is 
usually lower than the up-link frequency. 
• Thus a satellite has to receive, process and transmit the signal. All these functions are performed by a unit 
called satellite transponder. A communication satellite generally has two sets of transponders, each set having 
12 transponders making it a total of 24 transponders. Each transponder has a bandwidth of 36 MHz which is 
sufficient to handle at least one TV channel. 
• The up-link signal received by a transponder is a weak and down-link signal transmitted by the transponder 
is strong. Therefore to avoid interference between them, the up-link and down-link frequencies are selected 
to be of different value 
• The operation of satellite takes place at a very high signal frequencies in the microwave range. The typical 
band of signal frequencies used for the communication satellites are as follows: 
• 1.C band : 4/6 GHz 
   2.Ku band : 11/14 GHz 
   3.Ka band : 20/30 GHz 
 

Satellite operation 
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For real time satellite tracking: 

http://www.n2yo.com/satellites/ 

 

http://www.n2yo.com/satellites/
http://www.n2yo.com/satellites/
http://www.n2yo.com/satellites/
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Today's satellite communications can trace their origins all the way back to February 1945 and Arthur 

C.Clarke's letter to the editor of Wireless World magazine, Clarke further fleshed-out this theory in a 

paper titled Extra-Terrestrial Relays – Can Rocket Stations Give Worldwide Radio Coverage?, 

published in Wireless World in October 1945.  

Decades later a project named Communication Moon Relay was a telecommunication project carried 

out by the United States Navy. Its objective was to develop a secure and reliable method of wireless 

communication by using the Moon as a natural communications satellite. The "moon bounce" 

technique was developed by the U.S. Military in the years after World War II, with the first successful 

reception of echoes off the Moon being carried out at Fort Monmouth, New Jersey on Jan. 10, 1946. 

The Communication Moon Relay project that followed led to more practical uses, including 

a teletype link between the naval base at Pearl Harbor, Hawaii and U.S. Navy headquarters 

in Washington, DC. In the days before communications satellites, a link free of the vagaries 

of ionospheric propagation was revolutionary. 

Later, the technique was used by non-military commercial users, and the first amateur detection of 

signals from the Moon took place in 1953  Earth-Moon-Earth (EME) communications at VHF, UHF 

and microwave frequencies. 

 

 

 

A dish antenna for UHF EME at I2FZX, Milan, Italy 

Some history… 
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 The  first  communications  satellite was Sputnik 1 ( Спу́тник-1 ).  
Put into orbit by the Soviet Union on Oct.4,1957, it was equipped 

with an onboard radio-transmitter. Sputnik 1 was launched as a step in the exploration of space and rocket 

development. It was the first artificial satellite in the steps leading to today's satellite communications. 

Sputnik 1 itself provided scientists with valuable information. The density of the upper atmosphere could be 

deduced from its drag on the orbit, and the propagation of its radio signals gave information about the 

ionosphere.  

The satellite was a 58.5 cm diam. sphere, assembled from two hemispheres which were hermetically sealed, 

and had a mass of 83.6 kilograms.  The outer shield was made of an aluminium-magnesium-

titanium  alloy.  The satellite carried two pairs of antennas made up of two whip-like parts: 2.4 and 2.9 m. 

long, and had an almost spherical radiation pattern so that the satellite beeps were transmitted with equal 

power in all directions, making reception of the transmitted signal independent of the satellite's rotation. It 

transmitted on 20.005 and 40.002 MHz which were monitored by amateur radio operators throughout the 

world. The signals continued for 21 days until the transmitter batteries ran out on 26 October 1957. Sputnik 

1 burned up on 4 Jan.1958, as it fell from orbit upon reentering Earth's atmosphere, after travelling about 70 

million km  and spending 3 months in orbit. 

Some history… 
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The first American satellite to relay communications was Project SCORE in 1958, 

which used a tape recorder to store and forward voice messages. It was used to 

send a Christmas greeting to the world from U.S. President Dwight D. Eisenhower.   

NASA launched the Echo satellite in 1960, a 30 m – diameter aluminised PET 

film balloon serving as a passive reflector for radio communications. It soared 

1,609 km above the planet after its Aug. 12, 1960 launch. 

Some history… 
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The weather satellite is a type of satellite that is primarily used to monitor the weather and 

climate of the Earth. Satellites can be polar orbiting, covering the entire Earth asynchrous-

ly, or geostationary, hovering over the same spot on the equator.  

Visible-light images from weather satellites during local daylight hours are easy to interpret 

even by the average person; clouds, cloud systems such as fronts and tropical storms, 

lakes, forests, mountains, snow ice, fires, and pollution such as smoke, smog, dust and 

haze are readily apparent. Even wind can be determined by cloud patterns, alignments and 

movement from successive photos. 

The thermal or infrared images recorded by sensors called scanning radiometers enable a 

trained analyst to determine cloud heights and types, to calculate land and surface water 

temperatures, and to locate ocean surface features. Infrared satellite imagery can be used 

effectively for tropical cyclones with a visible eye pattern, using the Dvorak technique, 

where the difference between the temperature of the warm eye and the surrounding cold 

cloud tops can be used to determine its intensity (colder cloud tops generally indicate a 

more intense storm). Infrared pictures depict ocean eddies or vortices and map currents 

such as the Gulf Stream which are valuable to the shipping industry.  

Weather Satellite  
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