IEC TR 63377

Edition 1.0 2022-11

TECHNICAL
REPORT

colour
inside

Procedures for the assessment of human exposure to electromagnetic fields
from radiative wireless power transfer systems — Measurement and
computational methods (frequency range of 30 MHz to 300 GHz)

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

ICS 17.220.20, 33.050.10 ISBN 978-2-8322-5945-0

Warning! Make sure that you obtained this publication from an authorized distributor.

® Registered trademark of the International Electrotechnical Commission



-2- IEC TR 63377:2022 © IEC 2022

CONTENTS

O T T 1 I PP 5
LN I 2 1 1 L O 1 PN 7
1 ST e o] o 1Y OO PRPRN 8
2 NOIMAtIVE FEIEIENCES .. e e 8
3 Terms and definitioNs ... 8
4 Symbols and abbreviated termMS .. ... 10
4.1 Physical qUaNntities .. ... 10
4.2 LO70] 0 =3 - o | £ P 11
4.3 Abbreviated terMS .. ... 11

5 Description of radiative wireless power transfer systems ..............ccoooiiiiiiiiinincne, 12
5.1 GBNEIAl . e e 12
5.2 Radiative WPT systems technology and applications ...........ccoooiiiiiiiiiiiin e 12
5.2.1 GBNEIAl e 12
5.2.2 Operating principle of space diversity WPT ..., 15
5.2.3 Operating principle of narrow-beam WPT...........coiiiiiiiiiiiii e, 16

5.3 Use cases and enVirONMENt ... .. e 16
5.3.1 GBNEIAL L. s 16
5.3.2 Indoor, occupational environment ... 16
5.3.3 Indoor, general-public environment...........coiiiiiii i 18
5.3.4 Outdoor, occupational environment...........cooiiiiiiiiiiiii 18
535 Outdoor, general-public environment ... 19

6  General exposure assessment coNsSiderations ............coouvviiiiiiiiiii i 19
6.1 LT a1 = PP 19
6.2 Preparation of @ssSesSmMENt.. ..o 19
6.2.1 GBNEIAl e 19
6.2.2 Determination of key parameters ..........cooviiiiiiiiii i, 19
6.2.3 Determination of applicable limits .......... .o 20
6.2.4 Determination of assessment method ... 21

6.3 Assessment CONAItIONS ... 23
6.4 UNCEITAINTY L.ttt 23
Annex A (informative) Coupling factors and correction factors ............ccocooeiiiiiiiiiiienen, 26
A.1 LT a1 =Y PP 26
A.2 Coupling factors for near-field eXpOSUre.........cceiiiiiiii e 27
A.21 Characteristics of the near-field ......... ... 27
A.2.2 Coupling of electromagnetic energy in the near-field.................cocoiiiiinn. 27
A.2.3 Considerations for whole-body exposure in the near-field ....................c...... 27
A.2.4 Derivation of the coupling factors for E-field or H-field exposure.................... 27

A3 Correction factors for far-field eXpoSUres ..., 28
A.3.1 Characteristics of the far-field ... 28
A.3.2 LIS E= 10 TSN = 12 o1 T P 28
A.3.3 Whole-body absorption and resonance ..........ccoooviiiiiiiiiiin 29
A.3.4 Conservative correction factors .........oooiiiiiiiiiii 29

A.4 Assessment of correction factors for layered tissues..........ccocoiiiiiiiiiin 30
A.4.1 GBNEIAL L. s 30
A.4.2 Correction factors for peak-spatial average SAR.............ooiiiiiiiiii i 30

A4.3 Correction factors for whole-body SAR ... 30



IEC TR 63377:2022 © IEC 2022 -3-

A.4.4 Correction factors for partial body eXpoSUIres..........coevviiiiiiiiiiiiiiieeeeee 30
A.4.5 Correction of SAR results in homogeneous flat phantoms................co.co 31
Annex B (informative) Assessment proCedure ....... ..o 32
B.1 RF field strength and power density assessment for radiative WPT systems.......... 32
B.2 Local SAR assessment for radiative WPT systems operating between
BO MHZ 10 6 GHZ oo e 32
B.2.1 GBNEIAL ..t 32
B.2.2 Preparation of the device under test ... 33
B.2.3 Transmitter SAR assessment procedure ..........cooeiiiiiiiiiiiiiie e 33
B.2.4 Validation of the SAR assessment ... 34
B.3 Incident power density (PD) assessment for local exposure over 6 GHz................ 34
B.3.1 GBNEIAL L. s 34
B.3.2 Preparation of the device under test ... 35
B.3.3 PD assessment procedure — Experimental only ............coooiiiiiiiiiiiiiicneeen, 35
B.3.4 PD assessment procedure — Combined numerical and experimental
1= g o o £ P 35
B.3.5 Validation of the assessment . ... 36
Annex C (informative) Description and validation of exposure mitigation techniques............. 37
CA1 LT a1 = PP 37
C.2 Description of the technology and its implementation ..., 37
C.3 Validation of proxXimity SENSOIS ......cciiiiiiii e 37
C4 Validation of time-period power CONtrol ...........cooiiiiiiiii e 38
C.5 System level validation of the exposure mitigation techniques .............................. 38
Annex D (informative) Computational methods..............cooiiiiiii e, 39
D.1 Methods and PrOCEAUIES ... . i e e e e e e e e aaenas 39
D.2 Verification of the computational method...............coooiiiiii e, 39
D.3 Application of hybrid computational and experimental methods............................. 40
D.4 Considerations for the assessment of the numerical uncertainty ........................... 40
D.41 LY o= = | P 40
D.4.2 Parameters for the numerical uncertainty assessment...............cccceeiiiiininni, 40
Annex E (informative) Examples of exposure assessment..........coooiviiiiiiiiiiiinieee 41
E.A Example of the dosimetric assessment of a WPT transmitter operating at
900 MHZ <. 41
E.1.1 L Y V= 41
E.1.2 1Y TN 4 o Yo [ PP 41
E.1.3 Model development and validation ... 42
E.1.4 Dosimetric assessment of the anatomical models ... 42
E.1.5 Results and CONCIUSIONS ......c.uiiiii e 43
E.2 Example E-field assessment of RF WPT system operating at 2,45 GHz ................ 43
E.2A1 GBNEIAL L. s 43
E.2.2 ASSESSMENT PrOCEAUIE ...viiiiii e e e aenas 44
E.2.3 E-field assessment results ... ..o 45
710 [T Yo = o1 2 V78 50
Figure 1 — WPT system classification via radio-frequency beam technologies....................... 14
Figure 2 — Beam pattern diagram of omnidirectional radiative WPT............................. 15
Figure 3 — Beam pattern diagram of space diversity WPT ..o, 15

Figure 4 — Beam pattern diagram of narrow-beam radiative WPT .............coiiiiiiiiiiiiine, 16



-4 - IEC TR 63377:2022 © IEC 2022

Figure 5 — Example of indoor and occupational environments: WPT to production

equIpmMENt SENSOIS IN fACIOIY ... e 17
Figure 6 — Example of indoor and occupational environments: WPT to machine and

[INE MANAGEMENT SENSOIS . ouiitiii it e e et et et et e et e et e e e enas 17
Figure 7 — WPT to children watChing SENSOrS.......cooiieiiiiiii e 18
Figure 8 — WPT to watching sensors in nursing homes .........coooiiiiiiiiii i 18
Figure 9 — Assessment process for radiative WPT ... 19
Figure B.1 — Flowchart for the SAR assessment procedure between 30 MHz to 6 GHz ......... 33
Figure B.2 — Description of PD assessment procedure between 6 GHz to 300 GHz .............. 35

Figure E.1 — Anatomical model of the five-year-old girl exposed to the WPT transmitter
E-field at a distance of 400 mm. The beam of the WPT system is focused at this

Lo 1153 2= o o - S 43
Figure E.2 — E-field measurement setup of RF WPT system ..........coooiiiiiiiiis 44
Figure E.3 — E-field measurement scenario and positioning of WPT source

(transmitter), client, @nNd SCAN ArEaS ..........iiiiiiii e 45
Figure E.4 — E-field distribution measured at the distance 20 cm from RF WPT

LU= TS0 0111 (= PPN 46

Figure E.5 — E-field distribution measured in the far-field zone of WPT source: a) at
the distance 2 m from RF WPT transmitter — in front of the client b) at the distance

2,75 m from RF WPT transmitter — behind the client ..., 46
Figure E.6 — E-field measurement scenario with the cylindrical phantom............................... 47
Figure E.7 — E-field measurement setup of RF WPT system with cylindrical phantom ........... 47

Figure E.8 — E-field distribution for the case of partial obstruction by the phantom: a)
14 cm and b) 8 cm distance from phantom outer surface to transmitter-client line................. 48

Figure E.9 — E-field distribution measured in the horizontal plane within the distances
45 cm to 145 cm from transmitter antenna for the case of strong obstruction by the
phantom. The position of cylindrical phantom with respect to scan area is shown. ................ 49

Figure E.10 — E-field distribution measured at the distance 2,75 m from RF WPT
transmitter when cylindrical phantom is placed behind the client (case 3 in Figure E.6).

Field scan is performed between the client and phantom. ... 49
Table 1 — Representative characteristics of potential radiative WPT applications ................. 13
Table 2 — Whole-body SAR exclusions based on RF power levels............ccoooiiiiiiiiinininn. 22
Table 3 — Template of measurement uncertainty budget for assessment of the psSAR

for frequencies from 30 MHZ t0 6 GHz ... ... 24
Table 4 — Template of measurement uncertainty budget for assessment of the incident

power density for frequencies above 6 GHzZ .............ooiiiiii i 25

Table A.1 — Summary of correction factors accounting for tissue layering effects
specified in IEC 62232:2017 [12] for psSAR and WbSAR.........ccoiiiii e, 29



IEC TR 63377:2022 © IEC 2022 -5-

1)

2)

3)

4)

5)

6)

7)

8)

9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

PROCEDURES FOR THE ASSESSMENT OF HUMAN EXPOSURE TO
ELECTROMAGNETIC FIELDS FROM RADIATIVE WIRELESS POWER
TRANSFER SYSTEMS - MEASUREMENT AND COMPUTATIONAL
METHODS (FREQUENCY RANGE OF 30 MHz TO 300 GHz)

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports,
Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”). Their
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with
may participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence between
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of patent
rights. IEC shall not be held responsible for identifying any or all such patent rights.

IEC TR 63377 has been prepared by IEC technical committee 106: Methods for the assessment
of electric, magnetic and electromagnetic fields associated with human exposure. It is a
Technical Report.

The text of this Technical Report is based on the following documents:

Draft Report on voting

106/568/DTR 106/578/RVDTR

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this Technical Report is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

IMPORTANT - The "colour inside” logo on the cover page of this document indicates that it
contains colours which are considered to be useful for the correct understanding of its
contents. Users should therefore print this document using a colour printer.
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INTRODUCTION

IEC TC 106 is tasked with preparing International Standards on measurement and simulation
methods used to assess human exposure to electric fields, magnetic fields, and electromagnetic
fields. Wireless power transfer (WPT) systems operating at 30 MHz to 300 GHz utilize electric
fields, magnetic fields, or electromagnetic fields to provide power to equipment nearby or at
distances up to several metres or more. Users or bystanders in close proximity to both the
transmitting equipment and receiving equipment or in between them could be exposed to these
fields. Assessment methods are needed to demonstrate compliance with applicable human
exposure limits. A working group (WG9) was established by IEC TC 106 to address assessment
methods of human exposure to WPT equipment.

This document consists of an overview of radiative WPT, exposure assessment methods,
procedures, and case studies, to help in the development of international standards for WPT
exposure assessment. This document addresses the frequency range of 30 MHz to 300 GHz.
For lower frequencies, WPT equipment operating below 10 MHz is covered by
IEC TR 62905:2018, and below 30 MHz is covered by IEC PAS 63184:2021, with an associated
subsequent International Standard currently under consideration by IEC TC 106. The methods
and procedures described in this document are based on the techniques of other exposure
standards covering the same frequency range. Other methods are referenced when deviations
from these assessment methods are needed.
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PROCEDURES FOR THE ASSESSMENT OF HUMAN EXPOSURE TO
ELECTROMAGNETIC FIELDS FROM RADIATIVE WIRELESS POWER
TRANSFER SYSTEMS - MEASUREMENT AND COMPUTATIONAL
METHODS (FREQUENCY RANGE OF 30 MHz TO 300 GHz)

1 Scope

This Technical Report describes assessment methods to evaluate the compliance of radiative
wireless power transfer (WPT) systems operating in the frequency range from 30 MHz to
300 GHz with electromagnetic guidelines on human exposure (electromagnetic field strength,
specific absorption rate (SAR), and power density). This document includes but is not limited
to systems that focus the electromagnetic energy emitted by the transmitter to regions
surrounding the receiver, for example, by narrow beam-forming systems, wide-beam systems
and spatially closed systems. Implementations without transmitter, for example, applications
that harvest energy from the environment, are not included in the scope of this document.

2 Normative references

There are no normative references in this document.
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