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EN IEC/IEEE 63195-2:2023 (E)

European foreword

This document (EN IEC/IEEE 63195-2:2023) consists of the text of document IEC/IEEE 63195-2:2022,
prepared by IEC/TC 106 "Methods for the assessment of electric, magnetic and electromagnetic fields
associated with human exposure".
The following dates are fixed:

+ latest date by which this document has to be (dop) 2024-01-09

implemented at national level by publication of an
identical national standard or by endorsement

+ latest date by which the national standards (dow) 2026-01-09
conflicting with this document have to be withdrawn

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

This document has been prepared under a Standardization Request given to CENELEC by the
European Commission and the European Free Trade Association.

Any feedback and questions on this document should be directed to the users’ national committee. A
complete listing of these bodies can be found on the CENELEC website.

Endorsement notice

The text of the International Standard IEC/IEEE 63195-2:2022 was approved by CENELEC as a
European Standard without any modification.

In the official version, for Bibliography, the following notes have to be added for the standard indicated:

IEC/IEEE 62209-1528:2020 NOTE Harmonized as EN IEC/IEEE 62209-1528:2021 (not modified)
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EN IEC/IEEE 63195-2:2023 (E)

Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

NOTE 1 Where an International Publication has been modified by common modifications, indicated by (mod), the
relevant EN/HD applies.

NOTE 2 Up-to-date information on the latest versions of the European Standards listed in this annex is available
here: www.cenelec.eu.

Publication Year Title EN/HD Year

IEC/IEEE 62704-1 2017 Determining the peak spatial-average specific - -
absorption rate (SAR) in the human body from
wireless communications devices, 30 MHz to
6 GHz - Part 1: General requirements for
using the finite difference time-domain
(FDTD) method for SAR calculations

IEC/IEEE 62704-4 2020 Determining the peak spatial-average specific - -
absorption rate (SAR) in the human body from
wireless communication devices, 30 MHz to 6
GHz - Part 4: General requirements for using
the finite element method for SAR
calculations

IEC/IEEE 63195-1 2022 Assessment of power density of human EN IEC/IEEE 2023
exposure to radio frequency fields from 63195-1
wireless devices in close proximity to the
head and body (frequency range of 6 GHz to
300 GHz) - Part 1: Measurement procedure

IEEE 145 - Definitions of terms for antennas - -

Documents

Document Sharing Hub

Full document details: BS EN IEC/IEEE 63195-2:2023


http://www.cenelec.eu/
http://www.avadocuments.com/doc/bs-en-iec-ieee-63195-2-2023
http://www.avadocuments.com/doc/bs-en-iec-ieee-63195-2-2023

Documents

Document Sharing Hub

Full document details: BS EN IEC/IEEE 63195-2:2023


http://www.avadocuments.com/doc/bs-en-iec-ieee-63195-2-2023
http://www.avadocuments.com/doc/bs-en-iec-ieee-63195-2-2023

-2 - |EC/IEEE 63195-2:2022 © |EC/IEEE 2022

CONTENTS
O T T I S 6
LN I 75 16 L@ 1 ] S 8
1 S T oo o 1= S 9
2 NOIrmMative refereNCEeS ... .. e 9
3 Terms and definitioNS ... 10
3.1 Exposure metrics and parameters .. ....ooovuiiiiii i 10
3.2 Spatial, physical, and geometrical parameters associated with exposure
L0 L= {02 PPN 11
3.3 Test device technical operating and antenna parameters............coocoiiiiiiiinns 13
3.4 Computational Parameters ... ..c.oii i 13
3.5 Uncertainty parameters .. ... 14
4 Symbols and abbreviated terms ... ... 14
4.1 SY MO e 14
4.1.1 Physical qUantities......cc.ouiii 14
4.1.2 G0N ANES L 15
4.2 Abbreviated termMS . ... 15
5 Overview and application of this document ..o 16
5.1 Overview of the numerical evaluation............coooiiii i 16
5.2 Application of this document ... 17
5.3 S PUIAE ONS e 18
6 Requirements on the numerical SOftWare ............coooiiiii i 18
7  Model development and validation ......... ..o 19
71 LY o= = | 19
7.2 Development of the numerical model of the DUT.........ccooiiiiiiiii e, 19
7.3 Power normalization ... . ... 20
7.4 Requirements on the experimental test equipment for model validation................. 22
7.4.1 LY o 1= =¥ P 22
7.4.2 Ambient conditions and device holder.............oooi i 23
7.4.3 POWer MeasUremMeNt ... ..o 23
7.5 Testing configurations for the validation of the DUT model................ccoooiin. 24
7.5.1 GBIl Lt 24
7.5.2 Tests to be performed. ... ..o 24
7.5.3 Determining the validity of the DUT model...........oooiiiiiiiie, 25
7.5.4 Test reduction for additional DUTS......c.iiiuiiiiiii e 25
8 Power density computation and averaging ........cc.oveuiiiiiiii 26
8.1 Evaluation SUIMace ... 26
8.2 Tests to be performed and DUT configurations ..o 26
8.2.1 GBIl Lt 26
8.2.2 Devices with a single radiating element or with multiple elements that
do not operate simultaneousIy ....... ..o 27
8.2.3 Devices with antenna arrays or sub-arrays ...........cccooiiiiiiii i 27
8.2.4 Devices with multiple antennas or multiple transmitters ........................ 28
8.3 Considerations on the evaluation surface and dimensions of the
computational domMain .. ... 29
8.4 Averaging of power density on an evaluation surface............cc.coooviiiiiiiiiieennn. 29
8.4.1 LT =Y o= =¥ 29
8.4.2 Construction of the averaging area on an evaluation surface ... ...... D ocugaents

Document Sharing Hub

Full document details: BS EN IEC/IEEE 63195-2:2023


http://www.avadocuments.com/doc/bs-en-iec-ieee-63195-2-2023
http://www.avadocuments.com/doc/bs-en-iec-ieee-63195-2-2023

IEC/IEEE 63195-2:2022 © IEC/IEEE 2022 -3 -

8.5 Computation of sPD by integration of the Poynting vector.................ccccooiiiiiininn.. 31
8.5.1 LY o 1= =¥ P 31
8.5.2 Surface-normal propagation-direction power density into the evaluation

SUIACE, SPD 4 « oo iiiiiiiiiiiiie e 31
8.5.3 Total propagating power density into the evaluation surface, sPDigt+ ............ 32
8.5.4 Total power density directed into the phantom considering near-field
EXPOSUIE, SPD 1y ++evrrrrrrrseeerrrrensmiiiiniae e ettt e e e e e e e e e e e e 32
8.6 SO WA e e 33
9 Uncertainty evaluation ... 33
9.1 7Y o= = 33
9.2 Uncertainty of the sPD and of the mpsPD due to the computational
0= 1= 0 4 T= =1 P 33
9.2.1 Uncertainty contributions due to the computational parameters ..................... 33
9.2.2 MESh FeSOIULION ...t e 34
9.2.3 Absorbing boundary conditions .........ccuiiiiiiii 35
9.2.4 PoOWer DU ..o 35
9.2.5 Model trUNCAtION .. ... 35
9.2.6 L6701 0V L=T {o =T o [of = PP 35
9.2.7 DieleCtriC ProOPEIIES .o i 36
9.2.8 LOSSY CONUUCTONS ...unitiei ettt ettt 36
9.3 Uncertainty contribution of the computational representation of the DUT
0 To To 1= T 36
9.4 Uncertainty of the maximum exposure evaluation .............cccooiiiiiiiince e, 37
9.5 Uncertainty budget... ... 38
SO U= o o {1 T SN 39
Annex A (normative) Code verification ... .. .o 41

A1 LY o= = 41

A.2 Interpolation and superposition of vector field components ...............cccoceeiiiiinni. 41

A.3 Computation of the far-field pattern and the radiated power ... 43

A4 Implementation of [0SSY CONAUCLOrS ..o 43

A.5 Implementation of anisotropic dieleCtrics............cooiiiiiiiiiii 46

A.6 Computation of the sPD and psPD .......couiiuiiii i 47
A.6.1 GBIl Lt 47
A.6.2 Planar SUMaCeS ... 49
A.6.3 NON-PlaANAr SUIMTACES .. oviiiiii e e 50

A7 Implementation of the field extrapolation according to the surface

€qUIVAlENCE PriNCIPIE ... 52
Annex B (informative) Experimental evaluation of the radiated power .................ooiinn. 53

B.1 LY o= = 53

B.2 Direct conducted power measuremMentS.......cvv i 53

B.3 Radiated power measurement methods ... 54

B.4 Information provided by the DUT ... 54

Annex C (normative) Maximum-exposure evaluation techniques ..............ccccoiiiiiiiininnn. 55

C.1 L= a1 =Y S 55

C.2 Evaluation of EM fields radiated by each antenna element......................cooeiinnll 55

C.3 Evaluation of the mpsPD by superposition of individual EM fields .......................... 56
C.31 LY o 1= =T P 56
C.3.2 Maximization over the entire codebook by exhaustive search ..................... 56
C.3.3 Optimization with fixed total conducted power......................0.... Documents

Document Sharing Hub

Full document details: BS EN IEC/IEEE 63195-2:2023


http://www.avadocuments.com/doc/bs-en-iec-ieee-63195-2-2023
http://www.avadocuments.com/doc/bs-en-iec-ieee-63195-2-2023

-4 - |EC/IEEE 63195-2:2022 © |EC/IEEE 2022

C.34 Optimization with fixed power at each port..........cccooiiiiiiiiiiii 56
Annex D (informative) Examples of the implementation of power density averaging
= o] 14 1 41 PRI 58
D.1 Example for the evaluation of the psPD on a planar surface ..............cccoovieiiennn. 58
D.1.1 GBNETAl e 58
D.1.2 Evaluation of the psPD by direct construction of the averaging area............... 58
D.1.3 Example for the efficient evaluation of the psPD using an equidistant
mesh on the evaluation surface ... 59
D.2 Example for the evaluation of the psPD on a non-planar surface ................cc......... 60
Annex E (informative) File format for exchange of field data ...l 62
Annex F (informative) Rationales of the methods applied in IEC/IEEE 63195-1 and this
Lo [oTod U] ¢ 4 1= o | S PPN 64
F.1 L =Yo [ UT=T o ox YA = 1o Vo 1= 64
F.2 Computation OF SPD ... e 64
F.2.1 Application of the Poynting vector for computation of incident power
Lo 1= TS 1 PPN 64
F.2.2 F V=Y = Yo | [T = == 65
Annex G (informative) Square averaging area on non-planar evaluation surfaces................. 66
GA1 GBI A e s 66
G.2 Example implementation for the evaluation of the psPD on a non-planar
surface using square-shaped averaging area...........ccoveoviiiiiiiieiieie e 66
Annex H (informative) Validation of the maximum-exposure evaluation techniques.............. 67
H.1 =Y a1 =Y PN 67
H.2 Validation of the exhaustive search.............. 67
H.2.1 Validation of the exhaustive search ..o, 67
H.2.2 Validation using reconstruction method ..o, 67
H.2.3 Validation of optimization with fixed total conducted power or with fixed
POWET @l EACKH POt .. i e 67
H.2.4 Validation of the maximum-exposure evaluation of measurement results ....... 67
H.3 Example validation source for maximum-exposure evaluation validation ............... 68
H.3.1 L= od 1o { o o 1S 68
H.3.2 POSIIONING ...t 70
H.3.3 Nominal codebook, uncertainty and conducted power PR .............cccovveeenennn. 71
H.3.4 TaArget ValUES ... o 71
Annex | (normative) Supplemental files and their checksums ...............coooiiiii . 73
L] o 10T =Y o1 2 17/ PP 74
Figure 1 — Overview of the numerical power density evaluation procedure............................ 17
Figure 2 — POWEr referenCe Planes .......cuiiiiiiiii i e 22
Figure 3 — Example for configurations of radiating elements as different antenna sub-
arrays ON the Same DU T .. et e e 27
Figure 4 — Flow chart for the evaluation of power density for DUTs with antenna arrays
or sub-arrays as described in 8.2.3 ... . 28
Figure 5 — Example of the construction of the averaging area within a sphere with fixed
[=Yo [ TUEST=ToToTo] o |1 aTe i {o T J S PP 31
Figure A.1 — Configuration of three 1/2 dipoles, D4, Do, and D3, for the evaluation of
the interpolation and superposition of the electric field and magnetic field components......... 42
Figure A.2 — R3320 WaVEQUIAE ....ouiniiiii e e e e e et e e e e 45
Documents

Document Sharing Hub

Full document details: BS EN IEC/IEEE 63195-2:2023


http://www.avadocuments.com/doc/bs-en-iec-ieee-63195-2-2023
http://www.avadocuments.com/doc/bs-en-iec-ieee-63195-2-2023

IEC/IEEE 63195-2:2022 © IEC/IEEE 2022 -5 -

Figure A.3 — Cross section of the R320 waveguide showing the locations of the Ey

components 10 be reCOrded. ... ..o e 46
Figure A.4 — S;(x,y) computed with Formula (A.4) for the six parameter sets of

Table A.6 normalized t0 their MaXima ... ... 49
Figure A.5 — Cross sections of the symmetric quarters of the testing geometries (SAR

Stars) for the benchmarking of the power density averaging algorithm.................cco. 51
Figure A.6 — Areas for the computation of the sPD on a cone of the SAR Star....................... 51
Figure D.1 — Rotated averaging area on the discretized evaluation surface (base

L T=T=] 2 1) PP 60
Figure D.2 — Reduction of the area of triangles that are partially included in the

AVEIAgING SPR I e e 61
Figure H.1 — Main dimensions of patch array stencil ..., 69
Figure H.2 — Main dimensions of the validation device, including polypropylene casing ........ 70
Figure H.3 — Validation device with SAM head in the tilt position .............c.cooiiiiii . 70
Figure H.4 — Validation device with SAM head in the touch position................co.co, 71

Table 1 — Budget of the uncertainty contributions of the computational algorithm for the

validation setup Or testing SETUD ...ovin i 34
Table 2 — Budget of the uncertainty of the developed model of the DUT ............ccoiiiiinnnn. 37
Table 3 — Computational uncertainty budget ....... ..o 38

Table A.1 — Interpolation and superposition of vector field components; maximum
permissible deviation from the reference results is 10 %o ......ccooeuiiniiiiiiiiii e 42

Table A.2 — Computation of PR; maximum permissible deviation from the reference
results is 10 % for the radiated power and for the electric field amplitude of the far-

111 Lo I 0 X= 1 =Y o o S 43
Table A.3 — Minimum fine and coarse mesh step for used method .................cooiiiinn. 46
Table A.4 — Results of the evaluation of the computational dispersion characteristics............ 46
Table A.5 — Results of the evaluation of the representation of anisotropic dielectrics ............ 47
Table A.6 — Parameters for the incident power density distribution of Formula (A.4) ............. 48
Table B.1 — Comparison of the experimental methods for the evaluation of the radiated

0 11 PP 53
Table H.1 — Main dimensions for the patch array stencil ... 68
Table H.2 — Main dimensions of the validation device ..., 68
Table H.3 — Target values for validation device with the nominal codebook........................... 72
Table H.4 — Target values for validation device with infinite codebook ...............ccccoeiiiiinni.. 72

Documents

Document Sharing Hub

Full document details: BS EN IEC/IEEE 63195-2:2023


http://www.avadocuments.com/doc/bs-en-iec-ieee-63195-2-2023
http://www.avadocuments.com/doc/bs-en-iec-ieee-63195-2-2023

-6 - |IEC/IEEE 63195-2:2022 © |EC/IEEE 2022

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ASSESSMENT OF POWER DENSITY OF HUMAN EXPOSURE TO RADIO
FREQUENCY FIELDS FROM WIRELESS DEVICES IN CLOSE PROXIMITY
TO THE HEAD AND BODY (FREQUENCY RANGE OF 6 GHz TO 300 GHz) -

Part 2: Computational procedure

FOREWORD

1) 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 document(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.

IEEE Standards documents are developed within IEEE Societies and Standards Coordinating Committees of the
IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards through a consensus
development process, approved by the American National Standards Institute, which brings together volunteers
representing varied viewpoints and interests to achieve the final product. Volunteers are not necessarily members
of IEEE and serve without compensation. While IEEE administers the process and establishes rules to promote
fairness in the consensus development process, IEEE does not independently evaluate, test, or verify the
accuracy of any of the information contained in its standards. Use of IEEE Standards documents is wholly
voluntary. IEEE documents are made available for use subject to important notices and legal disclaimers (see
http://standards.ieee.org/ipr/disclaimers.html for more information).

IEC collaborates closely with IEEE in accordance with conditions determined by agreement between the two
organizations. This Dual Logo International Standard was jointly developed by the IEC and IEEE under the terms
of that agreement.

2) The formal decisions 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. The formal decisions of IEEE on technical matters, once consensus within IEEE Societies
and Standards Coordinating Committees has been reached, is determined by a balanced ballot of materially
interested parties who indicate interest in reviewing the proposed standard. Final approval of the IEEE standards
document is given by the IEEE Standards Association (IEEE SA) Standards Board.

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

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

5) IEC and IEEE do not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC and IEEE are not responsible
for any services carried out by independent certification bodies.

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

7) No liability shall attach to IEC or IEEE or their directors, employees, servants or agents including individual
experts and members of technical committees and IEC National Committees, or volunteers of IEEE Societies and
the Standards Coordinating Committees of the IEEE Standards Association (IEEE SA) Standards Board, 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/IEEE
Publication or any other IEC or IEEE Publications.

8) 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.
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9) Attention is drawn to the possibility that implementation of this IEC/IEEE Publication may require use of material
covered by patent rights. By publication of this standard, no position is taken with respect to the existence or
validity of any patent rights in connection therewith. IEC or IEEE shall not be held responsible for identifying
Essential Patent Claims for which a license may be required, for conducting inquiries into the legal validity or
scope of Patent Claims or determining whether any licensing terms or conditions provided in connection with
submission of a Letter of Assurance, if any, or in any licensing agreements are reasonable or non-discriminatory.
Users of this standard are expressly advised that determination of the validity of any patent rights, and the risk
of infringement of such rights, is entirely their own responsibility.

IEC/IEEE 63195-2 was prepared by IEC technical committee 106: Methods for the assessment
of electric, magnetic and electromagnetic fields associated with human exposure, in
cooperation with the International Committee on Electromagnetic Safety (ICES) of the IEEE
Standards Association, under the IEC/IEEE Dual Logo Agreement between IEC and IEEE. It is
an International Standard.

This document is published as an IEC/IEEE Dual Logo standard.

This publication contains supplemental files that are required for the code verification according
to Annex A. Download links and checksums for these files can be found in Annex |I.

The text of this International Standard is based on the following IEC documents:

Draft Report on voting

106/564/FDIS 106/569/RVD

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 International Standard is English.

This document was drafted in accordance with the rules given in the ISO/IEC Directives, Part 2,
available at www.iec.ch/members_experts/refdocs. The main document types developed by IEC
are described in greater detail at www.iec.ch/standardsdev/publications.

A list of all parts in the IEC/IEEE 63195 series, published under the general title Assessment
of power density of human exposure to radio frequency fields from wireless devices in close
proximity to the head and body, can be found on the IEC website.

The IEC Technical Committee and IEEE Technical Committee have 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

This document provides a method to evaluate the human exposure from wireless devices using
computational methods. This document was developed to provide procedures for the numerical
modelling and evaluation of such wireless devices operating close to the head, held in the hand
or in front of the face, mounted on the body or embedded in garments. It applies to individual
transmitters as well as to transmitters operating simultaneously with other transmitters within a
product. The choice of technique, i.e. FDTD or FEM, is optional but can be influenced by the
application. The advantages of computational procedures include the capability to provide
repeatable, non-intrusive methods for determining exposure in or near an object and without
the need for expensive hardware equipment. Device categories covered include but are not
limited to mobile telephones, radio transmitters in personal computers, desktop and laptop
devices, and multi-band and multi-antenna devices. This document specifies:

e requirements on the numerical software (Clause 5);

e model development and validation (Clause 7);

e power density computation and averaging (Clause 8);
e uncertainty evaluation (Clause 9);

e reporting requirements (Clause 10).

To develop this document, IEC Technical Committee 106 (TC 106) and IEEE International
Committee on Electromagnetic Safety (ICES), Technical Committee 34 (TC 34) Subcommittee
1 (SC 1) formed Joint Working Group 11 (JWG 11) on computational methods to assess the
power density of human exposure to radio frequency fields from wireless devices in close
proximity to the head and body.
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ASSESSMENT OF POWER DENSITY OF HUMAN EXPOSURE TO RADIO
FREQUENCY FIELDS FROM WIRELESS DEVICES IN CLOSE PROXIMITY
TO THE HEAD AND BODY (FREQUENCY RANGE OF 6 GHz TO 300 GHz) -

Part 2: Computational procedure

1 Scope

This document specifies computational procedures for conservative and reproducible
computations of power density (PD) incident to a human head or body due to radio-
frequency (RF) electromagnetic field (EMF) transmitting devices. The computational
procedures described are finite-difference time-domain (FDTD) and finite element methods
(FEM), which are computational techniques that can be used to determine electromagnetic
quantities by solving Maxwell’s equations within a specified computational uncertainty. The
procedures specified here apply to exposure evaluations for a significant majority of the
population during the use of hand-held and body-worn RF transmitting devices. The methods
apply to devices that can feature single or multiple transmitters or antennas, and that can be
operated with their radiating part or parts at distances up to 200 mm from a human head or
body.

This document can be employed to determine conformity with any applicable maximum PD
requirements of different types of RF transmitting devices used in close proximity to the head
and body, including those combined with other RF transmitting or non-transmitting devices or
accessories (e.g. belt-clip), or embedded in garments. The overall applicable frequency range
of these protocols and procedures is from 6 GHz to 300 GHz.

The RF transmitting device categories covered in this document include but are not limited to
mobile telephones, radio transmitters in personal computers, desktop and laptop devices, and
multi-band and multi-antenna devices.

The procedures of this document do not apply to PD evaluation of electromagnetic fields emitted
or altered by devices or objects intended to be implanted in the body.

NOTE For the evaluation of the combined exposure from simultaneous transmitters operating on frequencies below
6 GHz, the relevant standards for SAR computation are IEC/IEEE 62704-1:2017 and IEC/IEEE 62704-4:2020.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (including any
amendments) applies.

IEC/IEEE 62704-1:2017, Determining the peak spatial-average specific absorption rate (SAR)
in the human body from wireless communications devices, 30 MHz to 6 GHz — Part 1: General
requirements for using the finite difference time-domain (FDTD) method for SAR calculations

IEC/IEEE 62704-4:2020, Determining the peak spatial-average specific absorption rate (SAR)
in the human body from wireless communications devices, 30 MHz to 6 GHz — Part 4: General
requirements for using the finite element method for SAR calculations
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IEC/IEEE 63195-1:20211, Assessment of power density of human exposure to radio frequency
fields from wireless devices in close proximity to the head and body (frequency range of 6 GHz
to 300 GHz) — Part 1: Measurement procedure

IEEE Std 145, IEEE Standard for Definitions of Terms for Antennas

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

ISO, IEC, and IEEE maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at http://www.electropedia.org/

e |ISO Online browsing platform: available at http://www.iso.org/obp

e |EEE Dictionary Online: available at http://dictionary.ieee.org
3.1 Exposure metrics and parameters

3.11

power density

PD

local power density

function of the complex Poynting vector S at the location r that is integrated over a surface to
compute the sPD

Note 1 to entry: Specifications of power density in terms of the integrands of Formula (4), Formula (5), and
Formula (8) are provided in 8.5. See also rationales provided in Annex F for the PD specifications of 8.5.

Note 2 to entry: The formula used to compute PD can depend on the applicable exposure guidelines or national
regulations.

Note 3 to entry: Power density is also referred to as power flux density.
Note 4 to entry: The associated term incident power density refers to quantity of power per unit area that impinges

on the body surface. The incident power density just outside the body surface is used to establish local exposure
reference levels, which apply at frequencies above 6 GHz in some jurisdictions.

3.1.2

spatial-average power density

sPD

PD (3.1.1) averaged over a surface of area 4,,

Note 1 to entry: sPD is a function of the location vector r. It is determined on the evaluation surface, except for the
edges where no averaging area can be constructed.

Note 2 to entry: Example averaging area sizes specified in exposure limits are 1 cm? and/or 4 cm?.

1" To be published. Documents
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3.1.3

peak spatial-average power density

psPD

global maximum value of all the sPD (3.1.2) values on the evaluation surface (3.2.2)

Note 1 to entry: psPD is given by Formula (1)

psPD =max{sPD(r)} Q)

where r is a point on the evaluation surface.
Note 2 to entry: Other local maxima (i.e. secondary peak spatial-average power density values) can exist.

3.14

maximized peak spatial-average power density

mpsPD

psPD (3.1.3) of the excitation vector (3.3.5) that maximizes its value

3.1.5

Poynting vector

S

vector product of the electric field strength E and the magnetic field strength H of the
electromagnetic field at a given point

Note 1 to entry: The flux of the Poynting vector through a closed surface is equal to the electromagnetic power
passing through this surface.

Note 2 to entry: For a periodic electromagnetic field, the time average of the Poynting vector is a vector the direction
of which, with certain reservations, can be considered as being the direction of propagation of electromagnetic energy
and the magnitude of which can be considered as being the average power flux density.

Note 3 to entry: For a sinusoidal wave of angular frequency o, the complex Poynting vector is expressed by
Formula (2)

S-LExmH* 2)
2

where E and H are phasors and the asterisk denotes the complex conjugate.
Note 4 to entry: The Poynting vector has units of watt per square metre (W/m?2).

[SOURCE: IEC 60050-121:2019, 121-11-66 and IEC 60050-705:1995, 705-02-10, modified —
The entries have been combined and rearranged; Note 4 has been added.]

3.1.6

conservative estimate

<of exposure> estimate of the exposure, including uncertainties as specified in this document,
representative of and slightly higher than that expected to occur in the head or body of a
significant majority of the human population during intended use of a wireless transmitting
device

3.2 Spatial, physical, and geometrical parameters associated with exposure metrics

3.21
averaging area
Aav

nominal size of the area used for computing sPD (3.1.2)

Note 1 to entry: On a planar evaluation surface, sPD is computed as the ratio of power density (3.1.1) integrated
over the averaging area 4,,. On a non-planar evaluation surface, the averaging area indicates the dimensions of the

projection of the integration area of the power density on a planar surface. Documents
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Note 2 to entry: See details on averaging in 8.4.

3.2.2
evaluation surface
virtual surface for the evaluation of the spatial-average power density (sPD) emitted by a DUT

Note 1 to entry: Typical evaluation surfaces that can be applied in this document are the inner shell of the SAM
phantom with an added pinna, or a planar surface with finite or infinite extension.

Note 2 to entry: The evaluation of the psPD (3.1.3) on the evaluation surface should yield a conservative estimate
(3.1.6) of the exposure.

Note 3 to entry: In practice, an evaluation surface can be different from a measurement surface or area.

3.2.3
near-field
region encompassed by the reactive near-field and the radiative near-field

Note 1 to entry: See also 3.2.5 and 3.2.4 for definitions of reactive near-field and radiative near-field, respectively.

3.24

radiative near-field

region of space between the reactive near-field and the far-field, wherein the predominant
components of the electromagnetic field are those that represent a propagation of energy, and
wherein the angular field distribution is dependent upon the distance from the antenna

Note 1 to entry: In the radiative near-field, the out-of-phase (i.e. evanescent) component of the electromagnetic
field decays, and the in-phase (i.e. propagating) component of the electromagnetic field emerges.

3.2.5

reactive near-field

region of space immediately surrounding an antenna, where the predominant components of
the electric field and magnetic field are those that represent an exchange of reactive energy
between the antenna and the surrounding medium, and where electric field and magnetic field
components are 90° out of phase

[SOURCE: IEC 60050-712:1992, 712-02-01, modified — In the definition, the electric field and
magnetic field component phase difference has been added.]

3.2.6

far-field

region of the electromagnetic field of an antenna where the predominant components of the
field are those that represent energy propagation, the angular field distribution is essentially
independent of the distance from the geometrical centre of the antenna, and the ratio of
predominant electric field and magnetic field components is constant and equal to the wave
impedance of 377 Q

[SOURCE: IEC 60050-712:1992, 712-02-02, modified — In the definition, the distance to
geometrical centre of the antenna has been clarified, and a phrase on the ratio of the electric
and magnetic components has been added.]
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3.3 Test device technical operating and antenna parameters

3.31

channel

RF channel

part of the frequency spectrum intended to be used for the transmission of signals and which
may be defined by two specified limits, or by its centre frequency and the associated bandwidth,
or by any equivalent indication

Note 1 to entry: The number of RF channels and the corresponding channel bandwidth can vary among individual
wireless technologies and is subject to national frequency allocations. For the purposes of this document, PD
computations are performed at specific channels; for example, the high, middle, and low channels of the transmission
band.

3.3.2
antenna sub-array
subset of radiating elements in an array that operate collectively

Note 1 to entry: Antenna elements can be used separately by two or more sub-arrays.

3.3.3

array

<of antennas> antenna comprised of a number of generally identical radiating elements,
arranged, oriented and excited to obtain a prescribed radiation pattern

3.34
codebook
set of all possible excitation vectors

3.3.5
excitation vector
vector of all phasors that represent the input signal to an antenna array or sub-array

Note 1 to entry: The entries of a codebook are excitation vectors.

3.3.6

module

sub-assembly

self-contained RF transceiver that only needs power and communication to its host through a
connector, ball grid arrays or pins and is designed to be incorporated into a final product

3.4 Computational parameters

3.4.1

computational domain

set of all spatial locations at which the electric field or magnetic field is computed by a
mathematical equation or a computational algorithm

3.4.2

lumped source

source with an inner impedance which is applied to an electric field component on an edge of
the computational mesh

3.4.3

perfect electric conductor

PEC

material with infinite electrical conductivity which does not dissipate any energy
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3.4.4

surface equivalence principle

theorem that states that sources within a closed region can be replaced by substitute sources
on the region surface giving rise to the same field outside the enclosed regions

Note 1 to entry: Details can be found in [1].
3.5 Uncertainty parameters

3.5.1
uncertainty
confidence range of the evaluated value

3.5.2

standard uncertainty

estimated standard deviation of a measurement or computation result, equal to the positive
square root of the estimated variance

3.5.3

combined uncertainty

estimated standard deviation of the measurement or computation result obtained by combining
the individual standard uncertainties of both Type A and Type B evaluations using the "root-
sum-square" method of combining standard deviations that are obtained by taking the positive
square root of the estimated variances

3.5.4

expanded uncertainty

quantity defining an interval about the result of a measurement or computation that is expected
to encompass a distribution of values within a specified confidence interval that can reasonably
be attributed to the measurand

3.5.5

uncertainty evaluation

evaluation of uncertainty by the statistical analysis of series of observations (Type A) or by
other means (Type B)

4 Symbols and abbreviated terms

4.1 Symbols
411 Physical quantities

The internationally accepted Sl units are used throughout the document.

Full document details: BS EN IEC/IEEE 63195-2:2023

Symbol Quantity Unit Dimensions
o attenuation coefficient reciprocal metre 1/m

P power watt W

J current density ampere per square metre A/m?2

o electric conductivity siemens per metre S/m

E electric field strength volt per metre V/m

ya frequency hertz Hz

S Poynting vector watt per square metre W/m?2

H magnetic field strength ampere per metre A/m

p mass density kilogram per cubic metre kg/m3

12 penetration depth metre m -ocuments
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Symbol Quantity Unit Dimensions

u permeability henry per metre H/m

sPD spatial-average power density watt per square metre W/m?2

sPD_, spatial-average power dgnsity, watt per square metre W/m?2
surface normal, directed into the
phantom

SPD, g, spatial-average power density, total, watt per square metre W/m?2
directed into the phantom

sPD_ o4+ spatial-average power density, watt per square metre W/m?2
modulus

psPD peak spatial-average power density watt per square metre W/m?2

mpsPD maximized peak spatial-average watt per square metre W/m?2
power density

Ch specific heat capacity JOUIG.) per kilogram per J/I(kg K)

kelvin

€ permittivity farad per metre F/m

SAR specific absorption rate watt per kilogram W/kg

T temperature kelvin K

A wavelength metre m

NOTE In this document, temperature is quantified in degrees Celsius, as defined by: 7 (°C) = T (K) - 273,15.

4.1.2

Constants

Symbol

Physical constant

Magnitude

c

speed of light in vacuum

2,998 x 108 m/s

Mo

characteristic impedance of free space 376,73 Q

€o

permittivity of free space

8,854 x 107'2 F/m

Ho

permeability of free space

4n x 1077 H/m

4.2 Abbreviated terms

ABC
CAD
DFT
DUT
EIRP
FDTD
FEM
HDF5
ICNIRP
IF
MEE

absorbing boundary condition

computer aided design
discrete Fourier transform
device under test

equivalent isotropically radiated power

finite-difference time-domain
finite element method

hierarchical data format Version 5

International Commission on Non-lonizing Radiation Protection

intermediate frequency

maximum exposure evaluation (technique)

power available from the generator

power to matched transmission line

power accepted by the antenna
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Pr power radiated by the antenna

PD power density

PEC perfect electric conductor

RF radio frequency

SAM specific anthropomorphic mannequin
SAR specific absorption rate

Sl systéme international

STL stereolithography

5 Overview and application of this document

5.1 Overview of the numerical evaluation

This document specifies procedures for the evaluation of the spatial-average electromagnetic
power density of wireless communication devices operating at frequencies from 6 GHz to
300 GHz using computational methods applying the finite-difference time-domain (FDTD)
technique or the finite element method (FEM). The evaluation of the power density is carried
out in different steps, which are the following:

determination of the evaluation required;

T Q

selection of the methodology and of an applicable, verified computational software package;

o O

development and validation of the numerical DUT model;

)

)
)
) definition of the tests to be performed;
)
)

evaluation of the power density;

f) quantification of the uncertainty.

Figure 1 gives a high-level overview of these steps and references the subclauses that describe
them in detail.

Clause 6 to Clause 10 present the procedures that are required for the numerical power density
evaluation of a DUT. The evaluation shall be carried out with software that is verified for the
correct technical implementation of this document. The complementary procedures that
describe the verification of the numerical computation software and that are mainly relevant for
the software manufacturers are given in the annexes. Software may alternatively be verified by
the user of this document, e.g. as part of the power density evaluation of a DUT, according to
these methods.
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Preparation

+  determine assessment required (7.3 of IEC/IEEE 63195-1

»  select methodology and computational software package (6)

» confirm computational code verification (annex A)

» determine the tests to be performed with the DUT (7.3 of IEC/IEEE 63195-1)

l

Model development and validation

»  development of the numerical model of the DUT (7, 8, 9)
- relevant parts of circuitry, impact of truncating DUT (7.2)
- material properties (7.2)
- consideration of relevant parameters of the numerical field solver, such as mesh
resolution, dimensions of the computational domain, simulated time, etc. (9.2, 8.3)

- power normalization (7.3)
»  testing configurations for the validation of the DUT model (7)
- measurement of the conducted or radiated power (7.4.3, 7.4.4)
- fields to be measured for validation (7.5.2)
- source configurations for validation (7.5.2)
+  experimental validation of the DUT model (7, 9)
- assessment of the numerical uncertainty of the validation configuration (9.3)
- assessment of the measurement uncertainty of the validation configuration (9.3)
- comparison of measured and simulated results (7.5.3)

Compliance testing

»  testing configurations, field maximization (8.2, Annex C)
* uncertainty evaluations (9)

*  reporting (10)

IEC

Figure 1 — Overview of the numerical power density evaluation procedure

5.2 Application of this document

This document and IEC/IEEE 63195-1 were developed in parallel in two joint working groups of
IEC and IEEE to prepare procedures for conformity evaluation to exposure limits on the incident
power density under particular consideration of the exposure from wireless devices of the new
fifth generation (5G) mobile technology operating in a frequency range from 6 GHz to 300 GHz.
This document specifies computational procedures, and IEC/IEEE 63195-1 specifies
measurement procedures.

After the fundamental work on the measurement procedures for conformity evaluation at
frequencies above 10 GHz had been documented in IEC TR 63170:2018 [2] 2, both
IEC/IEEE 63195-1 and this document were developed in a comparatively short time period of
two years. In parallel, the ICNIRP and TC95 of the IEEE ICES revised their exposure guidelines
and included new basic restrictions and reference levels for the frequency range of 6 GHz and
above. These are based on the incident and absorbed/epithelial power density or incident power

density, respectively, averaged over a square area of 1 cm2 or 4 cmZ2.

2 Numbers in square brackets refer to the Bibliography. Documents
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IEC/IEEE 63195-1 contains all relevant specifications for the application of measurement
procedures for conformity evaluation. While it can be applied independently from this document,
it refers to the post processing methods for power density averaging and maximization of the
incident power density that are common to both IEC/IEEE 63195-1 and this document, but are
specified only in this document. Likewise, computational conformity evaluation is described in
this document. For validations of numerical modelling results by measurements, the methods
of IEC/IEEE 63195-1 are required.

5.3 Stipulations

Due to the constraints on the time available for the development of IEC/IEEE 63195-1 and this
document, practical options needed to be found regarding the interpretation of the new
exposure guidelines for the evaluation of the conformity with the new limits. These concern the
construction of the averaging area and the computation of the spatial-average power density
on this averaging area. Regarding the computation of the spatial-average power density,
different methods are specified with the objectives to warrant compatibility with exposure
evaluations obtained according to IEC TR 63170:2018 [2] and to consider exposure conditions
other than perpendicular incidence in the far-field. Annex F discusses the options and their
rationales.

These options do not impair the applicability of the methods specified in IEC/IEEE 63195-1 and
this document for the conformity evaluation with the reference levels specified in the exposure
guidelines.

6 Requirements on the numerical software

This Clause 6 describes the characteristics and features of the numerical software to be used
for the computation of the peak spatial-average power density (psPD) that are required for both
the application of the software according to Clause 7, Clause 8, and Clause 9, and for the
verification of its correct implementation according to Annex A. The following characteristics
and features of the numerical software are required:

a) Maxwell’s equations solver based on FDTD or FEM in the frequency domain according to
the definitions in IEC/IEEE 62704-1:2017 and IEC/IEEE 62704-4:2020, respectively;

b) modelling environment and mesh generator for the representation of the electrically relevant
parts of the DUT and of nearby objects for the rendering of its electric and magnetic fields
at specifiable geometrical resolution limited only by the available computer memory;

c) representation of isotropic perfect electric conductors;

d) representation of isotropic dielectric materials with relative permittivities ¢, 2 1 and electric
conductivities ¢ 2 0;

e) representation of uniaxial anisotropic dielectric materials with relative permittivities &, 2 1
and electric conductivities ¢ 2 0;

f) isotropic electric losses o < o in metallic conductors that are represented as thin sheets or
filaments;

g) interpolation of the frequency domain computation results to specifiable points within the
computational domain;

h) superposition of the computed E-vector and H-vector fields in the frequency domain of a
specifiable number of computation results using specifiable complex scaling factors, e.g. for
the evaluation of the beam steering of phased array antennas;

i) computation of the dissipated power considering losses in dielectrics and in metallic
conductors for a specifiable number of superimposed computation results on specifiable
meshes;

i) superposition of the far-field patterns of a specifiable number of computation results using
specifiable complex scaling factors including the evaluation of Pg, e.g. for the evaluation of

the beam steering of phased array antennas; Documents
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k) computation of the sPD and psPD according to 8.5;
) computation of the mpSPD according to Annex C.

Extensions of FDTD or FEM that include the required characteristics and features a) through 1)
but provide additional features may be applied provided that they have been fully validated and
that their implementation has been verified. These alternative methods shall provide at least
the same accuracy as FDTD or FEM methods specified in IEC/IEEE 62704-1:2017 and
IEC/IEEE 62704-4:2020. The finite integration technique (FIT) in the time domain can be
regarded as an extension of FDTD in this context.

NOTE 1 IEC/IEEE 62704-1:2017 and IEC/IEEE 62704-4:2020 specify procedures to determine the peak spatial
specific absorption rate in the human body using computational methods.

NOTE 2 IEC/IEEE 62704-1:2017 and IEC/IEEE 62704-4:2020 cover the application of FDTD and FEM in the
frequency range from 30 MHz to 6 GHz. In addition to the code verification described in the two standards, there is
a large body of scientific literature that validates the two numerical methods for exposure evaluation in this frequency
range. For the extended frequency range up to 300 GHz that is covered in this document, there is little literature
available that demonstrates the validity of the two methods. Application examples for this frequency range can be
found, e.g. in [3]. In general, FDTD and FEM can be considered as intrinsically frequency independent. If the
discretization of the computational domain and the geometry to be computed appropriately consider the conventional
discretization criteria, the methods can be expected to work with the same accuracy as in the frequency ranges for
which experimental validation has been done. Appropriate discretization of the computational domain and the
geometry is asserted by the uncertainty evaluation (Clause 9).

The numerical software may compute electric and magnetic fields outside the computational
domain using the surface equivalence principle if all sources and parts of the DUT are contained
in the computational domain (8.3). If the software implements field computation using the
surface equivalence principle, it shall be validated according to Clause A.7.

7 Model development and validation

7.1 General

In experimental power density evaluation, the unmodified DUT is evaluated according to a
standardized protocol using measurement equipment with known uncertainty contributions.
Numerical computations of a wireless device are more flexible with respect to the tests to be
performed or the modelling of real-world operation conditions, or may even be necessary where
experimental evaluation is overly cumbersome or even technically impossible. An essential
requirement on the application of numerical methods for power density evaluation with respect
to exposure limits is the validation of the numerical model of the DUT using experimental
methods. The experimental validation may be carried out in a configuration that is technically
simpler than the full evaluations for DUT according to IEC/IEEE 63195-1:2021. Hence, an
appropriately validated DUT model can be evaluated numerically in a large number of tests to
be performed thereby reducing the overall effort to demonstrate conformity. The requirements
and recommendations on DUT modelling and validation, testing equipment and tests to be
performed are specified in 7.2, 7.3, 7.4, and 7.5. The evaluation of the uncertainty of results
obtained with the applied methods is described in Clause 9.

7.2 Development of the numerical model of the DUT

The development of a numerical model of a DUT for power density evaluation requires a large
number of decisions on the level of detail to be represented in the computational domain.
Because of the large number of modern devices and the high level of technical innovations in
the field, generalized guidelines for the model development cannot be given. In the following,
the steps for the development of the DUT model are described.

a) The model of the DUT should be based on its original CAD data in order to avoid errors or
inaccuracies when modelling dielectrics or conductors.

NOTE 1 The development of a numerical model of the DUT based on its CAD data can require individual
simplifications or extensions of the available data, such that specific requirements on the CAD data and on the
data-importing procedure cannot be made here. The verification of the numerical model according to 7.5 is
regarded as an adequate demonstration that the model agrees with the original DUT for the p Ty A
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b) All conducting parts shall be integrated into the CAD model because even conductors that
are far away from the antenna may couple parasitically and act as radiators. Particular
considerations apply if device truncation is used (see step g) and 9.2.5).

c) The dielectric properties of all major parts in the environment of radiators and RF
transmission lines should be modelled correctly considering frequency dependency.
References for the dielectric properties should be documented as far as available.

d) Anisotropic dielectrics should be included in the DUT model if they are relevant for its RF
characteristics.

e) Metallic losses should be included in the DUT model if they are relevant for its RF
characteristics or for power normalization.

f) Modelling of the feeding or matching networks is required if the fields of these networks are
not confined in a closed environment. Otherwise, lumped sources can be placed directly at
the antenna feed-point. Computations of handheld devices with integrated multiband
antennas have shown that it is often difficult to obtain good agreement of the computed
feed-point impedance with measurement data. Nevertheless, the normalization of the
exposure evaluation results to Py yields satisfactory accuracy [4].

g) The computer system should have sufficient computational resources (working memory,
processors, storage) to compute the entire DUT model and the evaluation surface. Under
some circumstances, a DUT model may be truncated. However, the reactive fields of the
model should not be truncated. This shall be demonstrated by comparison of the input
reflection coefficients of the antenna or the elements of the antenna array or by identification
of the volume storing the reactive energy of the DUT. The latter may be identified by
comparison of the ratio of the local electric field and magnetic field amplitudes to the free
space wave impedance. The impact of truncating the model shall be indicated in the
uncertainty budget.

h) Guidance on the dimensions of the computational domain can be found in 8.3. The
evaluation surface need not be included in the computational domain as the fields on it may
be computed using the surface equivalence principle (8.3).

i) The testing report (Clause 10) shall summarize how these recommendations are considered
for the development of the DUT model.

NOTE 2 Additional guidance on the development of the DUT model can be found in 5.4 of
IEC/IEEE 62704-3:2017 [5]. Although IEC/IEEE 62704-3:2017 refers to the computation of handheld devices
operating at frequencies up to 6 GHz using the FDTD method, 5.4 of IEC/IEEE 62704-3:2017 can be regarded as
general enough to provide guidance beyond its original scope, i.e. for devices operating at the frequency range
considered in this document and on importing CAD models into computational software using FEM.

7.3 Power normalization

Figure 2 shows the different power reference planes in a DUT and its computational model. The
available power at the source P, is fed to the antenna via a transmission line and/or a matching

circuit leading to losses (Py,) due to impedance mismatching and dissipation of the available
power in the circuitry resulting in the output power P that is accepted by the antenna. Additional

losses can occur in the antenna itself, such that the power that is emitted by the DUT is referred
to as the radiated power Pg. All power related quantities are defined in IEEE Std 145.

Typically, the computational model of a DUT has a simplified feeding or matching network,
which can lead to

a) specific deviations in the feed-point impedance of the antenna(s),
b) inaccurate representation of the cross coupling, or
c) differences in the dielectric or conducted transmission losses.
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