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MPE Ranges
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Worst Case scenario (scenario 1): Staring mode, boresight, 10% 

duty cycle, maximum output power

R1400 Worst Case MPE ranges
• Controlled:  ~9 meters

• Uncontrolled:  ~ 22 meters
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RF Safety Exposure Definitions: FCC OET Bulletin 65
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OET Bulletin 65 Limits
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Since FCC OET 65 is widely accepted and the minimum of all standards, 

these will be used for the analysis

Other Standards MPE Limits
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Occupational

(Controlled)

General Public 

(Uncontrolled)

[mW/cm2] [mW/cm2]

FCC OET Bulletin 65 5 1

IEEE IEEE Std C95.1 10 1

Canada Safety Code 6 5 1

International ICNIRP Guidelines 5 1
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OET Bulletin 65 has equations on pages 26-30 that apply to aperture 

antennas. 

These equations should provide coarse, conservative power estimates, even 

for a phase array.

Simulation techniques (closed form expressions or WIPL) should provided 

better results in the antenna near field.

The OET 65 equations and simulation should be equivalent in the far-field

OET Bulletin 65 Equations
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OET 65 Equation Summary (1)

6



SRC, Inc. Proprietary/EXPORT CONTROLLED DATA

OET 65 Equation Summary (2)
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OET 65 Equation Summary (3)
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Several variables can affect the transmitted power

The transmitted power from the OET65 equation 18 is an average 

power. 

Some, but not all, factors affecting the total output power:
• Duty cycle of a pulsed signal

• Scan rate of an antenna

• Number of elements in an array

• Antenna efficiency

• Transmit amplifier peak power and post amplifier losses

• Antenna pattern and desired location in that antenna pattern (ie. boresight)

Transmit Power Variables
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WIPL-D is an electromagnetic simulation tool that uses Method of Moments 

techniques to predict the performance of antenna structures

The tool can be used to predict the power density of a phased array antenna 

at various ranges

To get the proper power density, the output of WIPL-D must be scaled by the 

proper element power with respect to the generator voltages and impedances 

used in the model

WIPL Simulation
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WIPL-D Results vs. OET65 Prediction
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Assumptions:

• 4W peak amplifier power

• 2dB loss post amplifier

• 256 total elements (8x32 array)

• Duty Cycle: 10%

• Located at boresight of antenna

Red Line: OET 65 Equations

Blue Line: WIPL-D simulation

Note: OET and sim are close in the far-field

Estimated MPE ranges:
– Uncontrolled: 19.2m

– Conctrolled: 9.1m 
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Power Density Closed Form Expression
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• Reference: “Analysis of Power 
Density Levels For Raytheon 
Prototype Radar Demonstration 
System (PRDS)”

• See Appendix for derivation of 
this with assumptions
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Closed Form Expression vs. OET65 Prediction:  Scenario 1
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Assumption:
• 4W peak amplifier power

• 2dB loss post amplifier

• 256 total elements (8x32 array)

• Duty Cycle: 10%

• Boresight

– Scanrate: 0Hz, staring mode

– Element gain: 5.7dBi

– Antenna efficiency: 100%

– Raised cosine exponent: 1

– Frequency: 9.8GHz

– Element pattern: Raised Cosine

– Az Beamwidth: λ/(Aperture Size)
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Closed Form Expression vs. OET65 Prediction:  Scenario 2
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Assumption:
• 4W peak amplifier power

• 2dB loss post amplifier

• 256 total elements (8x32 array)

• Duty Cycle: 5%

• Boresight

– Scanrate: 0Hz, staring mode

– Element gain: 5.7dBi

– Antenna efficiency: 100%

– Raised cosine exponent: 1

– Frequency: 9.8GHz

– Element pattern: Raised Cosine

– Az Beamwidth: λ/(Aperture Size)

Changes from Scenario 1 highlighted in red
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Closed Form Expression vs. OET65 Prediction:  Scenario 3
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Assumption:
• 4W peak amplifier power

• 2dB loss post amplifier

• 256 total elements (8x32 array)

• Duty Cycle: 5%

• Boresight

– Scanrate: 0.25Hz, rotating mode

– Element gain: 5.7dBi

– Antenna efficiency: 100%

– Raised cosine exponent: 1

– Frequency: 9.8GHz

– Element pattern: Raised Cosine

– Az Beamwidth: λ/(Aperture Size)

Changes from Scenario 1 highlighted in red
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Closed Form Expression vs. OET65 Prediction:  Scenario 4
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Assumption:
• 4W peak amplifier power

• 2dB loss post amplifier

• 256 total elements (8x32 array)

• Duty Cycle: 5%

• Boresight

– Scanrate: 1Hz, rotating mode

– Element gain: 5.7dBi

– Antenna efficiency: 100%

– Raised cosine exponent: 1

– Frequency: 9.8GHz

– Element pattern: Raised Cosine

– Az Beamwidth: λ/(Aperture Size)

Changes from Scenario 1 highlighted in red
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OET65, WIPL-D, closed form expressions are very close in the far-field of an 

antenna

Closed form expressions can be used in absence of MoM simulation with 

more assumptions 

WIPL-D is the best prediction of radiating near-field performance.

Analysis Findings Summary
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