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Exposure to EMF — Reqgulatory Compliance Limits

v" Human Body > 20cm to any radiator: MPE (Max Permissible Exposure) calculation
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Power Density Assesment Procedure

1 - Near-field simulation of the industrial design
* Numerical Model Definition: CAD File, simulation Domain
» Definition of:
o Evaluation planes
o Dielectric coefficients of materials

2 — Post-Processing : Calculation of phase combinations leading to
the highest exposure

3 - Validation of simulated PD @ worst exposure plane

- E-field measurement using near-field probe, H-field reconstruction and
power density calculation

e Correlation between near-field measurement and simulation at
exposure plane
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Evaluation Plane Definition -Examples

1 - Form Factors
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Worst Case Phase Combination Assessment

Find the location of maximum power density on the evaluation

surface in each evaluation configuration using an upper bound
method.

The antenna phases are then adjusted to maximize the
power density across the spatial averaging area that was
found using the upper-bound method.

Calculate the power density with the antenna phases.

Repeat the steps for all needed configurations (Channels,
sub-arrays...)

Validate the simulation by measurement at distances
supported by the measurement method.
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Phase Combination and Power Density Values

First worst case Second worst case

- Channel 1 Channel 2 Channel 3 Channel1l Channel 2 Channel 3
M 0.842 0.744 0.630 0.840 0.739 0.628

m 0.427 0.385 0.340 0.305 0.355 0.300
R nTenn Phases [Degrees] Phases [Degrees] Phases [Degrees] 0.612 0.534 0.450 0.592 0.486 0.419

index CH1 CH2 CH3 CH1 CH2 CH3 CH1 CH2 CH3
Ph #10 Ph #11 Ph #12 Ph#13 Ph#14 Ph#15 Ph#16 Ph#17 Ph#18
- - - - - - 180 0 270 Simulated E-field Simulated H-field
- - - - - - 0 180 90 Maximum value = 176.837 V/m - Peak Maximum value = 0.544 A/m - Peak
- - - - - - 0 0 0
- - - 270 270 270 - - -
- - - 0 0 0 - - -
160 os
- - - 180 270 0 - - - pid
o 90 %0 - - - - - - ; 120 ; -
100 -
270 270 90 - - - - - - ~ > 5
- - - 180 0 180 - - - L % & -
- - - 90 180 270 - - - . 2 - o:F
- - - 180 270 180 - - - a7 A 3 1 2 2 A 3 1 2
- - _ 0 270 0 _ - _ . Ko X fem)
Simulated localized free space power " - N
- - - 180 180 0 270 90 0 density Simulated spatially Averaged power density
N i = 2
- - - 0 180 0 90 0 0 Maximum value = 3.987 mW/cm? Maximum value = 0.842 mW/cm
- - - 270 90 270 90 0 0
- - - 90 180 270 0 270 270
17 270 180 270 - - - - -
18 270 180 180 - - - - - 3s
3
20 o o - - - | 2
21 270 0 0 - - - 270 90 0 & :5
22 0 90 90 - - - 0 180 90 N 05
23 270 180 90 - - - 0 270 180 2z & > - 2
24 90 180 270 - - - 180 90 0 Xfem)
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Near field Measurement

SSSSSS \J 1,5mm calibrated
i =)

The probe consist of two dipoles optimally arranged with different angles (y1 and y2) to

obtain pseudo-vector information, printed on glass substrate protected by high density foam
that allows low perturbation of the measured field.

Near-field probe measuring at 2 mm minimum distance to the device

H-field reconstruction and power density calculation
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Measurement Accuracy & Uncertainty (WiGig @60GHz)

PD @2mm Distance
(Simulation vs. Measurement)

Uncertainty Budget
Error Description Uncertainty | Probability Div. {c) Std. Unc. {w)
Value Disfribution (xdB) Ver
(xdB)

| E-field (V/m) @ 2 mm — Deviation of Max Value: 1.010 dB Measuremem S?Slem
Probe Calibration 0.43 N 1 1 043 =
BB e . —— Hemispherical Isotropy 0.60 R v3 1 0.35 =
I l . Linganty 020 R 3 1 012 =
5 . 2 a . System Detection Limits 0.04 R 43 1 0.02 =
I . " l : Modulation Response* 017 R W3 1 010 o
# : : Readout Electronics 0.01 N 1 1 0.01 =
1.2 dB Typical Deviation Response Time 0.03 R V3 1 0.02 =
(Max 2.5 dB) R Inteqration Time 011 R 3 1 0.06 -
B e . : B RF Ambient Noise 0.04 R v3 1 0.02 =
; ' . ; l RF Ambient Reflections 0.1 R %3 1 0.12 =
e ﬂ ot Q : Probe Positicner 0.04 R ~3 1 0.02 =
Ivg I Probe Positioning 0.1 R 3 1 0.06 =
e E— : s : Savq Reconstruction 0.61 R V3 1 0.35 w

Localized free sp PD (mW/cm2) @ 2 mm — Deviation of Max Value: 0.204 dB Lot U Belated
Power Drift 0.57 R ¥3 1 033 =
L T s s i b Power Scaling 0.00 R V3 1 0.00 =
Combined Std. Uncertaintv 097 =

Expanded Std. Uncertainty 1.54
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RF exposure Considerations at mm-Waves:

= Metrics : Averaging Area / Averaging Time
= Evaluation plane Definition

= Material Characteristics

» Antenna Array Phase combinations

» Fields Post-processing

= Measurement Distance
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