
Types and parameters 

Module 1 : ANTENNAS



Antenna parameters and Basics

THE ANTENNA FUNCTIONS:

• As a transductor, it transforms an electrical 
signal into an Electromagnetic wave with an 
specific space orientation.

• In 2-D Radar Systems, among these functions, it 
determines the azimuth angle of the target.

• In 3-D Radar Systems, it provides the elevation 
angle of the target.



Antenna parameters
In Transmission
The antenna, focus the energy to the target 
direction.
• The Directivity (D) or the maximum radiation 

gain.

• The antenna gain (G) related with the 
antenna radiation efficiency.

• The antenna radiation efficiency (ηr), as the 
looses between the transmitter output power 
and the radiated power.

In Reception
The antenna captures the energy coming from 
the target.

• The physical area of the antenna: Aphys

• The effective area of the antenna, Aeff which 
captures the transmitted power density of the 
electromagnetic wave. 

• The antenna illumination efficiency (ηi), or 
the ratio between the effective and the 
physical areas of the antenna,

Both roles related through the reciprocity principle



Antenna parameters and Basics
Antenna Directivity

The relationship between the power density radiated in one direction and at a distance R, 
relative to the power density radiated at the same distance from an isotropic antenna.

𝐷𝐷(𝜃𝜃,𝜙𝜙) =
𝒫𝒫(𝜃𝜃,𝜙𝜙)
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θ: azimuth angle
φ: elevation angle
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Antenna parameters and Basics
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Antenna Directivity

If no direction is specified, the Directivity means the power density radiated in 
the direction of maximum radiation

The looses between the transmitter output power and the radiated power are usually 
computed as the antenna radiation efficiency (ηr), as a reduction of the transmitted power.
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Antenna parameters and Basics
Antenna gain:

The relationship between the power density radiated in one direction and at a distance R, 
relative to the power density radiated at the same distance from an isotropic antenna by the 
power delivered to the antenna. It takes into account the radiation efficiency ηr  (conversion 
of the the radio-frequency power at antenna terminals into radiated power)

NOTE: Some manufacturers utilize dBd (gain relative to a dipole 
antenna) as a metric, rather than dBi. A dBd is inherently greater, 0 dBd
= 2,15 dBi.



Antenna parameters and Basics
Effective Area

Capacity of the antenna to capture energy. Related with its physical dimensions through the antenna 
illumination efficiency ηi :
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Antenna parameters and Basics
RELATION BETWEEN GAIN AND EFFECTIVE AREA

Capacity of the antenna to capture energy. Related with its physical dimensions

λ: Carrier wavelength = 𝑐𝑐
𝑒𝑒

c: speed of light = 3 · 108 m/s 
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=
4𝜋𝜋
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Densitat de potència radiada 
(EIRP: equivalent isotropic radiated power)

• La potència isotròpica radiada equivalent (PIRE) és el resultat del producte de la potència 
del transmissor pel guany de l’antena transmissora.

• La densitat de potència (power density) P, expressada en watts/m2 es defineix com el 
quocient entre la potència isotròpica radiada equivalent (PIRE) i 4π pel quadrat de la 
distància a l’antena transmissora des d’on mesurem aquesta densitat de potència. Aquesta 
densitat s’atenua amb el quadrat de la distància a l’antena transmissora.
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Antenna parameters and Basics
Diagram of radiation

Front to back ratio : he power radiated from the primary (front)
lobe and the power radiated 180° in the opposite direction of the primary lobe (in dB)



Antenna parameters and Basics
Diagram of radiation



Antenna radiation pattern and aperture illumination

FAR FIELD RADIATION PATTERN

Bidimensional uniform aperture illumination
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NEAR FIELD FRESNEL ZONE FAR FIELD
(Fraunhofer region)

Distance

Spherical wave “plane” wave 
[locally]
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EM wave generation in a parabolic reflector.





Antenna Factor (EMC / EMI. I.e, to check CENELEC , CISPR, FCC, … Electromagnetic Compatibility (EMC) limits)

Antenna Factor is defined as the ratio of the incident Electromagnetic Field to the output voltage from the antenna and the output 
connector. It may include factors such as:

- Loss due to mismatch of impedance between the antenna output and transmission line
- Loss due to attenuation of the transmission line.
- Loss due to VSWR at the and/or the receiver.
- Gain due to a preamplifier located at the antenna.
- Loss due to the mismatch of impedance at the input of the receiver

CENELEC- EMI/EMC

If EMC limit is given in dBµA/m,

dBµV/m = dBµA/m + 51.5

51.5 = 20 log 120π (in free space)
E → dBµV/m
H → dBµA/m

https://single-market-economy.ec.europa.eu/sectors/electrical-and-electronic-engineering-industries-eei/electromagnetic-compatibility-emc-directive_en


Example: (CISPR, Comité International Spécial des Perturbations or International special committee on radio interference. It is a 
technical committee of IEC (International Electrotechnical Commission )



Example: Aircraft radiated emissions



ANTENNA NOISE TEMPERATURE
NOISE IN ANTENNAS



TEMPERATURA 
D’ANTENA
EN EL MARGE DE 100 kHz A 100 MHz.
Temperatura de soroll d’antena degut al soroll còsmic i al soroll 
atmosfèric.

Font: Jordan-Balmain, “Ondas electromagnéticas y sistemas radiantes.”



TEMPERATURA 
D’ANTENA
EN EL MARGE DE 100 MHz A 100 GHz.
Temperatura de soroll d’antena degut al soroll còsmic i a 
l’absorció d’oxigen, en funció de l’angle d’elevació per antenes 
apuntant cap a l’espai exterior.

Font: Jordan-Balmain, “Ondas electromagnéticas y sistemas
radiantes.”



Polarization = orientation of 
the E field of the EM wave.



Plane wave



Polarization linear, circular and elliptical





Polarization linear, circular and elliptical

right-hand : sense to the direction of propagation. Clockwise.
left-hand sense:  counter-clockwise

https://www.youtube.com/watch?v=Q0qrU4nprB0
https://www.youtube.com/watch?v=Fu-aYnRkUgg

https://gifer.com/es/7fXp

https://en.wikipedia.org/wiki/Right-hand_rule
https://en.wikipedia.org/wiki/Left_hand_rule


Wire antennas
Polarization adjustment required.



Radiation paterns (wire antennas)



Radiation diagrams in 
function of the dipole 
length measured in λ.



Slotted Antennas

(Antenas de Ranura) (Antenes d’escletxa )







Aperture antenna



Horn Antennas

(antenes de botzina)



Reflectors



Kinds of parabolic reflectors





Parabolic:   Polarization determined by the feeder of the antenna (circular, orhogonal,…) 

Orthomode transducer (OMT): It serves to separate or 
combine two guided waves of the same frequency with 
linear polarization, whose polarization planes are 
orthogonal to each other.



Circular polarization (no orientation adjustment is required; multipath: RHCP vs LHCP)



Circular polarization







Radiation diagrams































4nec2 https://www.qsl.net/4nec2/

https://www.nec2.org (tutorials,...) 
1.- Select antenna

2.- Geometry

3.- Calculate (ie, far field, and freq)

4.- 3D

Show pattern

https://www.qsl.net/4nec2/
https://www.nec2.org/


Antenna impedance







radiation resistance of vertical and horizontal half-wavelength dipoles at various heights above ground



Commercial antennas















AIRBUS 320
Antenes







4G & 5G Base Stations



4G & 5G Base Stations

1/2 λ dipole



4G & 5G Base Stations

Panel Antenna



4G & 5G Base Stations

Yagi Logaritm: every horizontal element is a receiving one (not only “directors”)



4G & 5G Base Stations

Cross Polarized MIMO Antenna  (beamforming)
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