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Why do we care about antenna
performance near the antennas?

We care because of potential personal safety issues
related to electromagnetic radiation in front or near by

antennas.

This is an issue addressed by all national regulatory
agencies.
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Regulatory Radiated Emission
Safety Limitations

Regulatory Uncontrolled Controlled Frequency
Region Area Area Range

United States* 1 mW/cm2 5 mW/cm2 1.5 < F(GHz) < 100
Canada** 1 mW/cm2 5 mW/cm2 6 < F(GHz) < 150
Europe*** 1 mW/cm2 5 mW/cm2 2 < F(GHz) < 300

* Cleveland, Jr., R. F., Sylvar, D. M. and Ulcek, J. L., Evaluating Compliance with FCC Guidelines for Human Exposure to
Radiofrequency Electromagnetic Fields, FCC OET Bulletin 65. Washington, D. C.: Federal Communications
Commission, Office of Engineering and Technology, pp 26-30 and page 67 (Table 1), 1997.

** Consumer and Clinical Radiation Protection Bureau, Limits of Human Exposure to Radiofrequency Electromagnetic
Energy in the Frequency Range from 3 kHz to 300 GHz, Safety Code 6. Health Canada, page 8 (Tables 5 and 6), 2015.

*** International Commission on Non-Ionizing radiation Protection, Guidelines for Limiting Exposure to Time-Varying
Electric, Magnetic and Electromagnetic Fields (up to 300 GHz), Health Physics, pp. 510-511 (Tables 5, 6 and 7), 1998,
as referenced in page 6, para. 2, of ETSI TR 101 870, V1.1.1, Fixed Radio Transmitter Sites, Exposure to Non-Ionizing
Electromagnetic Fields, Guidelines for Working Conditions, 2001,
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Regulatory Radiated Emission
Safety Limitations

The previous slide lists the most common safety limits on fixed point
to point microwave radio emission. The limits imposed in the United
States (FCC Bulletin 65) and Canada (Health Canada Code 6) are
regulatory. Compliance is required under force of law. In Europe the
ETSI requirements are considered guidance. Each nation of the
European Union retains regulatory authority for controlling
electromagnetic emissions. Some nations impose the ETSI limits
and others impose other limits or none at all. This situation is
reviewed in more detail in the publication “Rianne Stam, Comparison
of International Policies on Electromagnetic Fields (Power
Frequency and Radiofrequency Fields), Laboratory for Radiation
Research, National Institute for Public Health and the Environment,
Ministry of Infrastructure and the Environment and the Ministry of
Social Affairs and Employment of the Netherlands, 2011.”
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Regulatory Radiated Emission
Safety Limitations

Regarding the emission limits, Canada’s Safety Code 6 makes the following
statements:

“The exposure limits in Safety Code 6 are based upon the lowest exposure level
at which any scientifically established adverse health effect occurs. Safety
margins have been incorporated into the exposure limits to ensure that even
worst-case exposures remain far below the threshold for harm.”
“Despite the advent of numerous additional research studies on RF fields and
health, the only established adverse health effects associated with RF field
exposures in the frequency range from 3 kHz to 300 GHz relate to the
occurrence of tissue heating and nerve stimulation (NS) from short-term (acute)
exposures. At present, there is no scientific basis for the occurrence of acute,
chronic and/or cumulative adverse health risks from RF field exposure at levels
below the limits outlined in Safety Code 6. The hypotheses of other proposed
adverse health effects occurring at levels below the exposure limits outlined in
Safety Code 6 suffer from a lack of evidence of causality, biological plausibility
and reproducibility and do not provide a credible foundation for making science-
based recommendations for limiting human exposures to low-intensity RF fields.”
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Regulatory Radiated Emission
Safety Limitations

The FCC’s Bulletin 65 makes the following comments regarding controlled
and uncontrolled environments:

“Occupational/controlled exposure limits apply to situations in which persons are exposed as
a consequence of their employment and in which those persons who are exposed have been
made fully aware of the potential for exposure and can exercise control over their exposure.
Occupational/controlled exposure limits also apply where exposure is of a transient nature as
a result of incidental passage through a location where exposure levels may be above
general population/uncontrolled limits, as long as the exposed person has been made fully
aware of the potential for exposure and can exercise control over his or her exposure by
leaving the area or by some other appropriate means.”
“General population/uncontrolled exposure limits apply to situations in which the general
public may be exposed or in which persons who are exposed as a consequence of their
employment may not be made fully aware of the potential for exposure or cannot exercise
control over their exposure. Therefore, members of the general public would always be
considered under this category when exposure is not employment-related, for example, in
the case of a telecommunications tower that exposes persons in a nearby residential area.”
“For purposes of applying these definitions, awareness of the potential for RF exposure in a
workplace or similar environment can be provided through specific training as part of an RF
safety program. Warning signs and labels can also be used to establish such awareness as
long as they provide information, in a prominent manner, on risk of potential exposure and
instructions on methods to minimize such exposure risk.”
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Antenna Far Field Characteristics
The most common view of antennas
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Antenna Far Field Characteristics
The most common view of antennas
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Square Antenna Far Field Radiation Pattern
Tapered Illumination

Aperture Efficiency = 55%

Uniform Illumination
Aperture Efficiency = 100%

Typical

2 Foot / 0.6 Meter Diameter, 5 GHz unlicensed band (5.5 GHz), D/ = 11
10 Foot / 3 Meter Diameter, Lower 6 GHz licensed band (6.2 GHz), D/ = 66
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Antenna Far Field Characteristics
The most common view of antennas

Parabolic Antenna Far Field Gain

The gain (relative to an isotropic antenna) of a parabolic antenna is :

G = 10.1 + 20 log10 (F) + 20 log10 (D in feet) + 10 log10 (E/100)

G = 20.2 + 20 log10 (F) + 20 log10 (D in meters) + 10 log10 (E/100)
where: G = Gain in dBi

F = Frequency in GHz
D = Diameter
E = Illumination Efficiency (per cent)  55%

NOTE: Doubling either the diameter or the frequency will increase the antenna gain by 6 dB.
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 6 foot / 2 meter dish @ 6 GHz: 3 dB BW f  2.4 degrees

 6 foot / 2 meter dish @11GHz: 3 dB BW f  1.3 degrees

 2 foot / 0.6 meter dish @11GHz: 3 dB BW f  3.9 degrees

Typical Parabolic Antenna Far Field Beamwidth

Antenna Far Field Characteristics
The most common view of antennas
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Antenna Boresight Radiated Power
The situation changes significantly as the antenna is approached
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Antenna Near & Far-Field Regions

Non-radiating Near-Field or Reactive Region:
In this region the radiation is not radiating and is confined within a cylindrical pattern having
approximately the same diameter as the antenna. It is necessary to satisfy Maxwell’s equations but is
not otherwise significant. It only exists within a wavelength of the face of the aperture antenna.

Radiating Near-Field or Fresnel Region:
In this region the radiation is substantially confined within a cylindrical pattern having approximately the
same diameter as the antenna. This field creates the far field pattern when viewed from the far field.

Transition Region:
Since the distance to the far-field region is two to three times the length of the near-field region, there is
a transition region between the two. Within the transition region the power density decreases
approximately inversely with distance.

Far-Field or Fraunhofer Region:
At a substantial distance from an antenna, the power density decreases in proportion to the inverse
square of the distance from the antenna. The far field crossover point is estimated as [2 ([diameter or
width]/wavelength)2] (Fresnel estimated the crossover point using the diagonal rather than width for the
square but this distinction is not used in this presentation.).
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E
H

l (ft) = 0.9836 / f(GHz
l (m) = 0.2998 / f(GHz)

Electromagnetic Radiation

Velocity of Propagation in Free Space = 1.017 ns / ft = 3.336 ns / m
Wavelength in Free Space l = 0.9836 / f(GHz) (ft) = 0.2998 / f(GHz) (m)

Why a Reactive Region?

A transverse electric field
cannot be supported on

a conductive surface
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How has aperture antenna power
density been calculated in the past?

Reference Data for Radio Engineers, 6th Edition, H. W.
Sams and Co., 1976

Evaluating Compliance with FCC Guidelines for Human
Exposure to Radiofrequency Electromagnetic Fields, FCC

OET Bulletin 65. FCC, 1997.

Both references ignore antenna illumination and only
address round (parabolic) apertures
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Parabolic

Panel Panel

Distribution of Radiated Power

The normalized distance 0
is the far field cross-over

distance.

All graphs are normalized
to 1 mw/cm2 worst case.

0 0

0
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Distribution of Radiated Power
As power density is measured closer to the circular antenna,

the worst case is boresight and the maximum is constant
100% illumination efficiency ( = 1)

view from front of antenna view from side

antenna width

antenna width

front back

view from back (nearest antenna)

0
0

0
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Distribution of Radiated Power
As power density is measured closer to the circular antenna,

the worst case is boresight and the maximum is constant
50% illumination efficiency ( = 0.5) typical case
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Distribution of Radiated Power
As power density is measured closer to the square antenna,

the worst case is boresight and the maximum is constant
100% illumination efficiency ( = 1) typical case

view from front of antenna view from side

antenna width

antenna width

front back

view from back (nearest antenna)

00
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Distribution of Radiated Power
As power density is measured closer to the diamond antenna,

the worst case is boresight and the maximum is constant
100% illumination efficiency ( = 1) typical case

view from front of antenna view from side

antenna width

antenna width

front back

view from back (nearest antenna)

0
0
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Distribution of Radiated Power
As power density is measured closer to the square antenna,

the worst case is boresight and the maximum is constant
50% illumination efficiency ( = 0.5)

view from front of antenna view from side

antenna width

antenna width

front back

view from back (nearest antenna)
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Distribution of Radiated Power
As power density is measured closer to the diamond antenna,

the worst case is boresight and the maximum is constant
50% illumination efficiency ( = 0.5)

view from front of antenna view from side

antenna width

antenna width

front back

view from back (nearest antenna)
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Distribution of Radiated Power
In all cases the maximum power density is antenna boresight

Boresight power is the same for square and diamond antennas

0 0 0

0 0 0

antenna width
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Distribution of Radiated Power
Antenna boresight power density varies with normalized antenna size (diameter / wavelength)

Maximum antenna boresight power density is invariant with normalized antenna size

Parabolic Antenna Power Density Square or Diamond Antenna Power Density

0 0
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Distribution of Radiated Power
Maximum antenna boresight power density is invariant with normalized antenna size

This allows us to generalize antenna near field power density

Generalized Parabolic Antenna
Power Density

Generalized Square or Diamond Antenna
Power Density

0 0
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Near Field Power Density Limits

G. Kizer, "Microwave Antenna Near Field Power Estimation", Proceedings of the Fourth
European Conference on Antenna and Propagation (EuCAP 2010), Barcelona, Spain

Maximum antenna input power not exceeding
1 mw/cm2 power density limit

Notice that the limits are related to antenna area, not operating frequency.

The limits are for uncontrolled areas. For controlled areas, add 7 dB.
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Questions?
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