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Chapter 2

Antenna Parameters
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Antenna Definition

Frequency and Bandwidth

Impedance, Return Loss and VSWR

Radiation beam and Beamwidth

Side Lobes

Directivity and Gain

Polarization and Cross Polarization

Noise Temperature

Antenna Parameters
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Antenna is a passive device, attached to an active 

transmit / receive radio, whose functions are:

(1)  Match the impedances of closed structures and 

open air, ensuring that most of the energy will go 

smoothly in and out.

The antenna can be viewed as a transitional structure 

(transducer) between free space and a transmission 

line (such as a coaxial line). 

Antenna Definition
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Antenna as a device in Transmit Mode
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Antenna as a device in Receive Mode
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(2)  Focus and shape the radiation in space into desired 

spatial angles.  Antennas enhance the power in wanted 

directions and suppresses the power in other directions.

Antennas can be categorized as follows:

*  Isotropic = equal radiation in all angles (4ππππ steradain)

*  Omni Directional = equal radiation in one plane

*  Directional = the radiation goes to a narrow sector

Antenna Definition
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Antenna as a Slot
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Diffraction from a Slot
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Any antenna has a defined range of frequencies in 

which the desired requirements are met. 

Bandwidth is the relative band of operating frequencies:

BW = ∆∆∆∆f /fo

Frequency and Bandwidth
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The impedance presented by an antenna (Za) is a complex 

function of frequency with real and imaginary parts.

At resonance Za = Rr (Radiation Resistance)

The antenna impedance can be viewed as a load connected  

to a transmission line with characteristic impedance of Zo.

The reflection coefficient is the ratio of reflected voltage

to incident voltage waves at the antenna terminals. 

and is related to the impedances at resonance by:

Impedance, Return Loss and VSWR
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Impedance, Return Loss and VSWR
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Γ = (Rr – Zo) / (Rr + Zo)

The returned power from the antenna to the generator:

RL = Return Loss = |Γ|²

VSWR (Voltage Standing Wave Ratio):

VSWR = (1 + |Γ|) / (1 – |Γ|)

Impedance, Return Loss and VSWR
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Examples:

Zo = 50 ΩΩΩΩ
Zin = 100 ΩΩΩΩ
Γ = 1/3

RL = 1/9 (=11%)

VSWR = 2       (standard matching)

Zo = 50 ΩΩΩΩ
Zin = 55 ΩΩΩΩ
Γ = 0.047

RL = 0.0022 (=0.2%)

VSWR = 1.1     (excellent matching)

Impedance, Return Loss and VSWR
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VSWR         Reflected Power (%)         Transmission Loss (dB)

-----------------------------------------------------------------------------

1.0 0 0

1.1 0.23 0.01

1.2 0.83 0.04

1.5 4 0.18

2.0 11 0.51

2.5 18 0.88

3.0 25 1.25

VSWR and Losses
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A Directional antenna is basically a “lens” or aperture 

which focuses the radiated and the received power in space.

The fundamental law of diffraction states that an antenna 

with a typical dimension d, operating at wavelength λ
will focus its radiation into an angle:

θθθθ  ≈≈≈≈ λλλλ / d (radian) ≈≈≈≈ 57 λλλλ / d (degrees)

For a two-dimensional aperture:

ΩΩΩΩ  ≈≈≈≈ λλλλ² / A (steradian)

Beamwidth of Antenna
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Examples:

A commercial satellite dish with diameter d = 12 m

working at frequency of 6 GHz (λλλλ = 5 cm)

θ  ≈ λ / d = 0.004 radian = 0.2 degrees

A home satellite dish with diameter d = 1 m

working at frequency of 12 GHz (λλλλ = 2.5 cm)

θ  ≈ λ / d = 0.025 radian = 1.4 degrees

A planar array antenna whose size is d = 40 cm

working at frequency of 15 GHz (λλλλ = 2 cm)

θ  ≈ λ / d = 0.05 radian = 2.8 degrees

Beamwidth of Antenna
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Graphical representation of the radiation of antenna 

as a function of angular direction. 

Antenna radiation performance is usually measured 

in two orthogonal principal planes. 

The pattern is plotted either in polar or rectangular 

coordinates. The pattern contains a main lobe and 

several minor lobes, termed side lobes. 

Antenna Pattern
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Antenna Pattern

Azimuth Cut:   P(φφφφ)

Elevation Cut:  P(θθθθ)
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Antenna Pattern
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Defined at Half Power points (-3 dB points)

Typical values:    (50 to 70) λλλλ/d 

Beamwidth
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Directivity of an antenna is ratio between the full angular

space (solid angle 4ππππ steradian) and the spatial sector of

the antenna (ΩΩΩΩ)

D = 4ππππ / ΩΩΩΩ = 4ππππA / λλλλ²

Where A is the “effective” area of the antenna.

Directivity
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Directivity is also the ratio of the maximum radiation 

intensity (power per unit solid angle) to the average 

intensity (averaged over a sphere).

D = P(θθθθ,φφφφ)max / (Prad/4ππππ) = 4ππππ P(θθθθ,φφφφ)max / Prad

Directivity is the “optical focus” of the antenna in respect to

isotropic radiator

Directivity
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Directivity does not take into account the losses in the antenna. 

Gain is defined as:

G = P(θθθθ,φφφφ)max / (Pin/4ππππ) = 4ππππ P(θθθθ,φφφφ)max / Pin

Thus the gain is the product of the directivity and the efficiency

(ηηηη = Prad/Pin):

G =  D x ηηηη = 4ππππA ηηηη / λλλλ²

The gain is expressed in dBi (referenced to an isotropic radiator).

Gain
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Example 1:

A dish with diameter d = 12 meter at frequency 6 GHz (λλλλ = 5 cm)

with efficiency of ηηηη = 0.7 will have a gain 

G =  4ππππ(ππππ600²)x0.7/5² = 397,500 = 56 dBi  

Example 2:

A square array antenna whose size is d = 40 cm at frequency

15 GHz (λλλλ = 2 cm) With efficiency of ηηηη = 0.5 will have a gain

G  =  4ππππ(40²)x0.5/2² = 2500 = 34 dBi

Gain
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Gain, Directivity and Efficiency

• Directivity is a theoretical value ignoring losses

• Gain includes losses

• gain = directivity ×××× efficiency

• Efficiency =  ηηηη = Prad / Pin
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The polarization of the radiated waves is governed by the

nature of the antenna. In a communications link there

might be “polarization loss” if The antennas are not

mounted properly, or if the polarization is changed

while propagating through the channel.

Cross Polarization is the residual, unwanted radiation 

that exists in the orthogonal sense to the specified

reference polarization.

Antenna Polarization
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Polarization Loss between two linear antennas rotated by ψψψψ

∆∆∆∆P = 1 - cos² ψψψψ

example: ψψψψ = 0°°°° ⇒⇒⇒⇒ cos² ψψψψ = 1  =  0 dB

ψψψψ = 90°°°° ⇒⇒⇒⇒ cos² ψψψψ = 0  =  ∞∞∞∞ dB

Polarization Efficiency = cos ² (ψ)

example: ψψψψ = 45°°°° ⇒⇒⇒⇒ efficiency = 50%

Polarization Loss
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Polarization Loss between two circular polarized antennas

Axial Ratio = E²max / E²min

___                     ____

Cross pol =(√√√√AR – 1)² / (√√√√AR + 1)²

Example:   AR = 3 dB    ⇔⇔⇔⇔   cross = 15 dB

Polarization Efficiency=1/[1+(√√√√AR–1)²/(√√√√AR+1)²]

Example:   AR = 6 dB    ⇔⇔⇔⇔   efficiency = 90%

Polarization Loss
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Polarization Loss
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Some unwanted background

radiation can enter into the

antenna and degrade the 

Sensitivity of detection.

Antenna Temperature
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TA = (1/ΩΩΩΩA) ∫∫∫∫∫∫∫∫ TB(θθθθ,φφφφ) P(θθθθ,φφφφ) dΩΩΩΩ

TAP = (1/eA)Tp

Ta = TA Eff + TAP Eff + To (1-Eff)

Where:    TB is sky brightness

TA is antenna temperature

TAP is aperture temperature

eA is thermal efficiency of the antenna

Tp is the antenna physical temperature

Ta is noise temperature at the receiver terminal

efficiency is between the antenna and the receiver

Antenna Temperature
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Ts  =  Ta  +  Tr

Where Ts is system temperature

Ta is the antenna temperature at the receiver (°°°°K)

Tr  is the receiver temperature (°°°°K)

Noise = k Ts B

Where:   k is Boltzmann’s constant = 1.38 x 10^-23 W/°°°°K/Hz

B is bandwidth (Hz)

Antenna Temperature


