ANTENNA:

AN OVERVIEW

ANTENNA: METALLIC CONDUCTOR SYSTEM CAPABLE OF
RADIATING & CAPTURING ELECTROMAGNETIC WAVES.
USED TO INTERFACE TRANSMISSION LINES TO FREE SPACE, FREE
SPACE TO TRANSMISSION LINES, OR BOTH

Some figures taken from Chapter 10 of W. Tomasi, Electronic Communications Systems. Fundamentals
through Advanced, 4% Edition, Prentice-Hall, 2001.



CIRCUIT MODELS
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SPHERICAL COORDINATES
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RADIATION PATTERNS
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SIMPLIFIED EQUIVALENT CIRCUIT OF AN ANTENNA

power

power

Dissipated i } Radiated
r

RF POWER TO ANTENNA:
PRF(IN)=PD+PR

ANTENNA EFFICIENCY:

EIRP(EFFECTIVE ISOTROPIC
RADIATED POWER)

n=Pg/ PRF(IN)= o (R+R,) EIRP:PRszRF(IN)GANT

ANT DIRECTIVITY GAIN: POWER DENSITY PER UNIT

D=P/P AREA AT A POINT WITH
REF/ —ANWYy DISTANCE d FROM ANT:

Peer : POWER OF A R, p,=(EIRP)/(4nd?)

REFERENCE (ISOTROPIC)

ANTENNA R,

ANT POWER GAIN:

Gpnr=nD
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CAPTURE AREA & CAPTURED POWER

< Distance d
Py | Pc
G, FIRP=PiGr POWER DENSITY PER UNIT ‘
Tx POWER P; AREA AT DISTANCE d:  Rx ANT POWER
Tx ANT POWER pa=(P:Gy)/(4nd?)  GAIN G
GAIN G, Rx (CAPTURED)
POWER P

P4 - AMOUNT OF POWER INCIDENT ON EACH UNIT AREA OF AN IMAGINARY
SURFACE (PERPENDICULAR TO THE DIRECTION OF PROPAGATION OF THE
ELECTROMAGNETIC WAVE).

EFFECTIVE CAPTURE AREA OF THE Rx ANTENNA: A.=(GgA?)/(4r)

where A=c/f: wavelength

Rx CAPTURED POWER: P.=Ap. =(GxP;G; 12)/(4nd)2=P;( G;G)/ (4rdf/C)>
FREE-SPACE LOSS: L;ger.cpace=(4ndf/c)?

Pc.asm =Prdem™ (GT,dB+GR,dB )- Lis, aB
Les 4= 10109, (Leree-space) =92.44+20log, o(f gy, )+20log,o(d,, )
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ANTENNA POLARIZATION
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304-413: COMMUNICATIONS SYSTEMS II 4 THO LE-NGOC ANTENNA — PAGE 7



ANTENNA BEAMWIDTH
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GROUND EFFECTS ON A HALF-WAVE DIPOLE
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VERTICAL RADIATION PATTERN
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RADIATION RESISTANCE VERSUS HEIGHT ABOVE GROUND
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LOADING COIL

1 )
loading coill \
effectively increases Antenna Current
the antenna’s standing
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canceling out the =
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ANTENNA POWER GAIN AND BEAMWIDTH RELATIONSHIP

Beamwidth
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antenna gain is taken to be 3 dB below theoretical.

Beamwidth (degrees)
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MAIN BEAM AND SIDE LOBES
FOR A TYPICAL PARABOLIC ANTENNA
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GEOMETRY OF A PARABOLA
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RADIATION DIRECTIONS FOR PARABOLIC REFLECTORS
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PARABOLIC ANTENNA WITH A CENTER FEED

Paraboloid reflector

Spherical reflector

1
/ Primary antenna
Feed at focus
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PARABOLIC ANTENNA WITH A HORN FEED
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PARABOLIC ANTENNA WITH A HORN FEED:
WAVEGUIDE HORN TYPES
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PARABOLIC ANTENNA WITH A CASSEGRAIN FEED
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ANTENNA NOISE
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Smart Antenna Principles

=  Smart antenna (SA)
systems can be used for
Rx and Tx. SRR
= They exploit the spatial xe | D
dimension via spatial Tl Z | s
sampling and coherent T @ "
processing of the EM wave % ©x
field. SN
=  Four main system S
components (Rx mode):
,,,,,,, | CTL

= Antenna array: N elements, geometrical configuration.
= Radio unit: RF down-conversion, A/D conversion.
= Beam-forming (BF) network (BFN): signal weighting followed by
summation.
= Control unit: adjusts BF weight to achieve desired spatial response.
s Ideadlly, a set of weights is maintained and updated for each individual
mobile user.
= SA can adapt to current radio conditions and tailor individual user beam-
patterns so as to maximize SIR:
= Communication link continually optimized.
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EXAMPLE OF BEAMFORMING TO IMPROVE SIR

& =
\\% (eo..nex,*

INTERFERENCE
xiye Mt

ym = [1+W]s(t)e'c +[1+We A ]X(t)ejwct

UPDATE
ALGORITHM

assuming x (t- A) = x (t)

where A = propagation delay between antennas

Choose W to maximize SINR = 1+ W
1 +We MeA
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examples of beamforming antenna patterns

an

sector antenna

180

N sets of four orthogonal beams from a four-column
antenna array with a 0.5\ horizontal element spacing

180 1] 120
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