IEC PAS 63151:2018-01(en)

IEC IEC PAS 63151

o
®

PUBLICLY AVAILABLE
SPECIFICATION

PRE-STANDARD

Edition 1.0 2018-01

colour
inside

(oS

\g
Meaturement procedure for thenassessme téé%%ﬂézbsorption rate of]

humjan exposure to radio frequency fielg 1~ h -held and body-mounted
wireless communication devices — Vectormeasyrement-based systems
(Frequency range of H 6\G

‘ \ i , )
p Ul 47
/ A 774647
C il 7
/ w S / /
/i,// // ///'//// / (////////é/

A
/



https://iecnorm.com/api/?name=7161d9ec050a65842f1a125cfd3a3d69

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2018 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form
or by any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from
either IEC or IEC's member National Committee in the country of the requester. If you have any questions about IEC
copyright or have an enquiry about obtaining additional rights to this publication, please contact the address below or
your local IEC member National Committee for further information.

IEC Central Office Tel.: +41 22 919 02 11
3, rue de Varembé info@iec.ch

CH-1211 Geneva 20 www.iec.ch
Switzerland

About the IEC

The International Electrotechnical Commission (IEC) is the leading global organization that liblishes

The technical content of IEC publications is kept under constant review by the IEC. Ple ave the

hic and

bibliogrgphical information on IEC International Standards, itions in
Technichl Specifications, Technical Reports and other dditional
documepts. Available for PC, Mac OS, Android Tablets and lechnical
iPad.

IEC puljlications search - webstore.iec.ch/advsearchform

The adjanced search enables to find IEC publications by a lish and
variety |of criteria (reference number, text, ause of
committge,...). It also gives information on projects lve been
and witHdrawn publications. 86 and

ler Service Centre - webstore.iec.ch/csp
st to give us your feedback on this publigation or
rther assistance, please contact the Customer Service
€: sales@iec.ch.

Stay up|to date on all new IEC publications. Just Published
details @ll new publications releas Available online a
also onde a month by email.

9,

Ce



mailto:info@iec.ch
http://www.iec.ch/
http://webstore.iec.ch/catalogue
http://webstore.iec.ch/justpublished
http://www.electropedia.org/
http://std.iec.ch/glossary
http://webstore.iec.ch/csc
mailto:sales@iec.ch
https://iecnorm.com/api/?name=7161d9ec050a65842f1a125cfd3a3d69

IEC PAS 63151

Edition 1.0 2018-01

PUBLICLY AVAILABLE
SPECIFICATION

PRE-STANDARD
colour
inside
A\ %
MeaEurement procedure for theNassess ecific absorption rate of
humian exposure to radio freque ields hand-held and body-mourted
wireless communication devices asyrement-based systems
(Frequency range of H
INTERNATIONAL
ELECTROTECHNICAL
COMMISSION
ICS 17.220.20, 17.240 ISBN 978-2-8322-5178-2

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

® Registered trademark of the International Electrotechnical Commission


https://iecnorm.com/api/?name=7161d9ec050a65842f1a125cfd3a3d69

-2- IEC PAS 63151:2018 © IEC 2018

CONTENTS

FOREWORD ...ttt et et e e e et et e e et et e e e e e e e e e e e e e e e e e eanaeenns 7
INTRODUGCTION ..ottt et et e e e e e e e e e e e e et et e e e e e aa e e et e e an s e et e an e eenaeeneeen 9
1 IS T oo o 1= Y PP 10
2 NOIMALIVE FEIEIEINCES ..ouiiiiiiie ettt e e 10
3 Terms and definitions ... e 11
4  Symbols and abbreviated terms..... ..o 11
5 Overview of the measurement proCedUIE...........oiuiiiiiiiii e 11
6  Measurement system sSpecifiCationS.......ccoooiiiiiiiii i AT e e e 13
6.1 General requirements ... 0 | VUTSRTRTOLN SRS A 13
6.2 Phantom specifications ..........ccooiiiiiiii e A e NG D L NG e 15
6]2.1 Head Phantom specifications — shell ... N\ a 15
6}2.2 Body Phantom specifications — shell................. s NN e et e Neeeenn e 15
6]2.3 Tissue-equivalent medium material propertiegN. . \...ae- Lo N o 15

6.3 Hand and Device holder considerations ............. 5. XN S G peneeneeeeee e 16
6.4 Measurement system requirements........... /oo o N e e e Nerenrerenennenenneneenideenns 16
6]4.1 General ..o SN SN 16
6]4.2 Single probe measurement syster specifications ...>n.....ccoevvveieiennn o 16
6]4.3 Array measurement systemispecifications\... 7 . 1Y 16

6.5 Device holder specification ...\ ... N o e N em e S 17
6.6| Reconstruction algorithm and peak spatiakaveraging specifications ...............]..... 18

7  Protocol for SAR assessment ...\ .\ o X0 e N N e e e e e 18
7.1  Measurement PrEParfioN ... N T M e ereeie et et et e e e e e e 18
711.1  Prepardtiqn of\tissue=equivalent medium .............coooviiiiiiiiiiiiiiie e 18

4 S 1Y/ (=] 41 INed =Y of N e N NPT 19
711.3  Preparation of the devicewunder test .........cooooeeiiiiiiiiiiiii e 19

T4 S T O] oT=1 - 1410 Yo N g Lo o 1= 3 N N PR 19
711.5  Pagsitionof the"DUT in pelation to the phantom..............cooooiiiiin . 19
711.6  Rositiors.0fithe\DUT in relation to the flat phantom for large DUT ...........J..... 19
TH1.7 N\ TestNpequenciesAor DUT ... e 20

7.2 { TestS toONRE PErTQIMEd ... e 21
7.3 EMENT ProCEAUIE ... ..t e 22
713.1 : ment procedure for single probe systems ... 22
713.2 MeasUrement procedure for array systems ..........ccooeiiiiiiiiiniinininen e 22

7.4 SAR measurements for simultaneous transmission ..............ccovviviiiiinein o 22
7.4.1 SAR measurements for non-correlated signals ...........co.ooiiiiiii 22
7.4.2 SAR measurements for correlated signals ............ccoooiiiiiiiicici 23

8 Uncertainty estimation ... ... 24
8.1 (CT=Y o 1= = | PPN 24
8.2 Requirements on the uncertainty evaluation ..., 25
8.3 Description of uncertainty models .........ccoiiiiiiii i 25

9 oY= TSN =Y o Y=Y oL =Y o o o S 30
Annex A (normative) Phantom specifications ...........ccoviiiiiiii i, 31
A.1 SAM phantom specifications ..........ooiiiiiii 31
A.1.1 SAM phantom GEOMETIY ... oo i e 31
A1.2 SAM Phantom shell ... 35

A.1.3 Tissue Equivalent Medium ... .. ... 36


https://iecnorm.com/api/?name=7161d9ec050a65842f1a125cfd3a3d69

IEC PAS 63151:2018 © IEC 2018 -3-

A.2 Flat phantom specifications. ... ..o 37
A.3 SPECIfiC PRANtOMS. ..o 38
A.4 Tissue-equivalent MediUum . ... e 39
Annex B (normative) Calibration and characterization of dosimetric probes............c...c......... 40
B.1 g Yo 1U o o o T 40
B.2 Types of Calibration...... ..o 40
B.2.1 Amplitude calibration with analytical fields ...............cc.cooiiiii i, 40
B.2.2 Amplitude and phase calibration by transfer calibration ................................. 41
B.2.3 Amplitude and phase calibration using numerical reference........................... 42
Annextc-tinfermativertietdReconstructionFeehnigues———— 45
C.1 INtrodUCHION.... v e [ N T 45
C.2 Objective of Field Reconstruction Techniques AN\ S I 45
C.3 Background.........oooiiiiii e K WD) N 45
CA4 Reconstruction Techniques ... NG N AN GV 47
g.4.1 Expansion TeChniques........cc.oeeiiiiiiiiiiiiiiiier e e N e SN e e NG e e e 47
g.4.2 Source Reconstruction Techniques............ oo NN oG ee e Nu e ereennennenna e 48
g.4.3 Source Base Function Decomposition. < xS NN e 48
g.4.4 Phase Reconstruction........c.coovriii /oo i o X T s e eieeieeeeiee e 48
g.4.5 Other Approaches....................... APV A N N PPN IR 48

C.5 Source reconstruction and AR j i
(o]0 F=Ta] (o] 1 o FRURRURURRURURPRUUI NPT N R W S0 Y S PRPRRRS I 49
AnneX D (normative) SAR measurementsystexy werifisation and validation....................{..... 50
[ 20 /N 10} 1 foTo [ 017 { o] o FA RS U sae N N ST PTPTPPPN P 50
D.1.1  Objectives dnd puppose Of SYstem CheCk .......ccocoveiiiiiiiiiiiiieiieiieeee o, 50
D.1.2  Objectives of system valfdation.......\N......coooiiiiiiiiiiiiiieeieeeeeee e, 50

D.2

..... 51
[ 1 I €1 Y 1= o= | O N N P PPTRTPTPTRN P 51
D.2.2  Powel MeaSUREMEAINS IUDS . vv i e 52
D.2.3  Procedixe tonnotralize’/ the measured SAR........oooiiiiiiiiiiiiee e, 53
D.2.4 "Rower Meagurergent uncertainty........co.ccooviiiiiiiiniin i e, 55
[ 2R I VAN (= g o 4 Y- Ve < NP PTPTRRTRPRN P 56
D.X1 N\ 8ystea check antennas and test conditions............c..cooiiiiiiiiiiinince o, 56
D.3.2 \_Systexn check acceptance criteria.........ocovveiiiiiiiniiiiiee e 56
D.4  Systemvaligation...........ooioiiiiei e e 57
D.4,1_ )" Requirements for system validation antennas and test conditions............J..... 57
D.4.2°  Test positions for system validation ...........cccccoeuiiiiiiiiiiiiiaiiieiiieieeeeeeeea o, 58
D.4.3 System validation procedure based on peak spatial-average SAR ................. 61
D.4.4 Validation acceptance Criteria.........cooiiiiiiiiiii e 70
Annex E (informative) Interlaboratory compariSons ...........couiiiiiiiiiiiiiii e 71
E.1 PUIPOSE ..o 71
E.2 MONITOr [ADOIatOrY ... e 71
E.3 P antOmM S U o e 71
E.4 ReferenNCe AeVICES . onieii e 71
E.5 P O T S U et e 71
E.6 Interlaboratory comparison — ProCedure...........oviuiiiiiiiiiii e 72
Annex F (normative) Validation antennas...........cooooiiiiiiii 73
F.1 g Yo 1U o o o T 73

F.2 Standard dipole antenNa .. ..o 73


https://iecnorm.com/api/?name=7161d9ec050a65842f1a125cfd3a3d69

-4 - IEC PAS 63151:2018 © IEC 2018

F.3 YA 1 PP 75
F.4 2 P E AK CP I A e 80
F.5 Additional @anteNNAs ... 83
Annex G (normative) Calibration of Reference Antennas............coooiiiiiii 85
GA1 oY {foTo [UTo1 1] o WS PSPPSR 85
G.2 Parameters or quantities and ranges to be determined by calibration method ....... 86
G.3 Reference Antenna Calibration Setup .........cooiiiiiiiii 86
G4 Reference Antenna Calibration procedure............oooi i 87
G.4.1 Verification of REtUIN LOSS....ciuiiiiiiiiie e 87
G442 Catibrationof ReferenceAntennas—Step-by-StepProcedure——T..... 87
gd.4.3 Uncertainty Budget of Reference Antenna Calibration........[......0....x ... 88
AnneX H (normative) General considerations on uncertainty estimatio”... ...~ . N ]..... 93
H.1 Concept of uncertainty estimation .................cooo GO N 93
H.2 Type A and Type B evaluation ..o OGN N NG NG YL 94
H.3 Degrees of freedom and coverage factor .................o\e oo o DA N e e 94
H.4 Combined and expanded uncertainties.............. ... N B e e Nu e ereernennennadonen. 95
H.8  Analytical reference functions ...........ccocoo e 2 DG S G e NN o, 96
AnneX | (normative) Evaluation of the measurement/system uncertainty »......................f..... 99
I.1]  Measuring system uncertainties to be gpgcified/by/the manufacturer ..............J..... 99
1.1 Calibration CF....coocoo oo NG e e e R e NG N e 99
1.2  Vector probe or vector probe-array isottopYSO L...c.covveivveiiiiiiiiiieiineeena e, 99
. .100
M. .100
. .102
M. .102
M. .102
. .103
M. .103
. .103
M. .104
M. .105
. .105
M. .106
. .108
1.2 .108
I.R.4 .108
1.2-2 Evatoatiomofuncertainty dvetoreconstroction REC———T - 108
1.2.3 Impact of noise on interpolation and extrapolation POL....................cceevnan... 109
1.2.4 SAR AVEIaging SAV ... 109
1.2.5 SAR SCAING SARS .o 109
1.2.6 SAR correction for deviations in permittivity and conductivity SC.................. 109
1.3 Measuring system errors which are dependent onthe DUT .............ccoiiiiiiinn. 111
1.3.1 INErOdUCHION L. 111
1.3.2 Probe or probe-array coupling with the DUT PAC..........ccooiiiiiiiiiiiiien, 111
1.3.3 Modulation RESPONSE MOD ......c.oenieiie e 112
1.3.4 INtegration tiMe IT ... 112
1.3.5 Measurement system drift and NOISE DN .........cccoiiviiiiiiiiiieie e 112
1.4 DUT-related errors or validation antenna related errors and environmental

L= 13 (o ] £ 114


https://iecnorm.com/api/?name=7161d9ec050a65842f1a125cfd3a3d69

IEC PAS 63151:2018 © IEC 2018 -5-

1.4.1 DeViCe NOIAEr DH .....ooniiieie e e e 114
1.4.2 Device POSItIONING DP ..coniiiiie e 115
1.4.3 Measured SAR drift SD .......iiiiii 115
1.4.4 RF ambient conditions AC.........coiiiiiii 115
1.4.5 Measurement system immunity/secondary reception MSI..........cc.ccovveniienneen. 115
1.4.6 Deviation of experimental antennas DEX ........coooiiiiiiiiiiiiieeeeeeeeeee e 116
1.4.7 Other uncertainty contributions when using validation antennas OVS ........... 116
BB O G AP Y e 117

Figurg T—Evatuation ptan checkiist

Figure
surface of the distorted cubic volume for computing peak spatial-avera

Figurg
measyrement area of the system including overlapping areas — in_this cs
PErfOrMeEd ... St L BT NG D

Figurd A.1 — lllustration of dimensions in Table A.1 and Table ™A
Figurd A.2 — Close up side view of phantom showing thee
Figurg A.3 — Side view of the phantom showing relevyant

Figurg A.4 — Cross-sectional view of SA
Figurd A.5 — Sagittally bisected phant¢

Probe|Systems ..o N G N X Y NG e e e 37
Figurg A.6 — Dimensions of the elliptical phantom . S .. G ] 38
Figurg C.1 — Coordinate system for 2D \planar lgeasyremént-system .........coocovviiinnn fon 46
Figurg C.2 — Generic configurat ; ement system..........ooooviiiiii 46
Figurg C.3 — Schemati

E=Tale II K M ooTo] o Il o= Ta= YA Y21 (=] 0 £ E N N NP I 48
Figurg C.4 — So constrisctionoutsidethe phantom ... e 49
Figurg D.1 — A Recpo

N 10= 1§ LIRZ= 1L = 1 o] o N N N PPN N 52
Figurgd D.2 — Eouipraent satup for measurement of forward power Psa..ooovvveviiveeeiineienen e, 53
Figurd D.3 — Equipmgat-setupfor measuring the shorted reverse coupled power Prpg ... ..... 54
Figurg D4 s

LoTo YT aT=! o3 (=T IR PPN I 54
Figurg e

devicg spécs (the minimal L and W shall be 160 mm x 80 mm) ........ccoooiiiiiiiiiiiiniiinn e, 59
Figura D.6 — System check and validation locations for the head phantom.....................|..... 60
Figure D.7 — Definition of rotation angles for dipoles..........ccoviiiiiiiiiii i, 61
Figure F.1 — Mechanical details of the standard dipole...........ccoooiiiiiii 75
Figure F.2 — VPIFA validation antenna..... ... 77
Figure F.3 — Masks for positioning VPIFAS ... 78
Figure F.4 — Peak CPIFA at 2450 MHZ ... ..o e 82
Figure F.5 — Tuning structure and matching structure ... 82
Figure G.1 — Measurement setup for waveguide calibration of dosimetric probe, and

similar setup (same tissue-equivalent liquid, dielectric spacer, power sensors and

coupler) for antenna calibration.............oooiiiii i 86

Figure G.2 — Setup for calibration of a reference antenna ..............ccocooiiiiiiii i, 87


https://iecnorm.com/api/?name=7161d9ec050a65842f1a125cfd3a3d69

-6- IEC PAS 63151:2018 © IEC 2018

Figure 1.1 — lllustration of the SAR measurements during 8 hours and the centered
aTe )Y T =1V 2=T =T = PSPPSR 113
Table 1 — Evaluation plan checkIlist ... e 13

Table 2 — Uncertainty budget template for the evaluation of the measurement system
uncertainty of the 1 g or 10 g psSAR to be carried out by the system manufacturer (N =
normal, R = reCtanQUIAr) .. ... e 27

Table 3 — Uncertainty budget template for evaluating the uncertainty in the measured
value of 1 g SAR or 10 g SAR from a DUT (N = normal, R = rectangular).................cccooeennen. 28

Table 4 — Uncertainty budget template for evaluating the uncertainty in the measured

value pf 1 g SAR or 10 g SAR from a validation antenna (N = normal, R = angulary.|..... 29
Table [5 — Uncertainty budget template for evaluating the uncertainty in the

value pf 1 g SAR or 10 g SAR from the system check (N = normal, R sxectakgWar)>....|..... 30
Table|A.1 — Dimensions used in deriving SAM phantom from the ARMY 90 h p

male ead data (Gordon et al.[61]) ..ccccovviiiiiiiiiii e DG N N NG NG e e 33
TablelA. 2 Additional SAM dimensions compared with sele

ARMY] 90t -percent|le male head data (Gordon et al. [61])

measyrement section ... N G NG N N e 33
Table|A.3 — Dielectric properties of the tissue-equivdlentmeditim,. " ... 2 o coeieiene o, 39
Table|B.1 — Uncertainty analysis of single-probe(calibcafign jinwaveguide ...................... ... 41
Table|B.2 — Uncertainty analysis of transfex cédlibrat{on ef@rray systems ....................... .o 42
Table|B.3 — Uncertainty analysis of transfer calibration of arraySystems ....................... ... 44
Table|D.1 — Modulations and multiplexing methods tsed Wy radio systems .....................|..... 58
Table|D.2a — Peak spatial 8A S S . g and 10g values for the flat
phantpm filled with tissue\si i Qri Re antennas defined in Annex F.
Modulgtions are as deffred I Table-R.1 S i e 62
Table|D.2b — Peak.spatial \R\averaged over 1g and 10g values for antenna
generating two e@ illéd with tissue simulating material for the
antenpas defined A . ations, are as defined in Table D.1 ... ) 64
Table|D.3a — Pea 5P 3 averaged over 1g and 10g values on the

head | - Qr the_aptennas defined in Annex F. Modulations are as

(o=l aT= o BT AT =T =1L A O P PRPRRTRPRR 65
Table|D.3 ati (psSAR) averaged over 1g and 10g values for antenna
generatig twa peak e head left and right phantom for the antennas defined in

Anne C ions are As defined in Table D.1 ... ] 69
Table|F.1 — Meehanical dimensions of the reference dipoles...........cooooo e, 74
Table|F.2 '=Dimensions for VPIFA antennas at different frequencies ..............c..co.cooo o 79
Table lE3 = Electric properties for the dielectric layers for VPIFA antennas ... 79
Table F.4 — Thickness of substrates and planar metallization..................... .. 83
Table F.5 — Dielectric properties for FRA ... ..o e 83
Table F.6 — Lengths for the different components ..o, 83
Table G.1 — Example uncertainty budget for reference antenna (DIPOLE) calibration

for 1g and 10g averaged SAR (750 MHZ — 3 GHZ) ... 90
Table G.2 — Example uncertainty budget for reference antenna calibration (PIFA) for 1

g and 10 g averaged SAR (750 MHZ — 3 GHZ) ...uiiiiiiii e 91
Table G.3 — Example uncertainty budget for reference antenna (DIPOLE) calibration

for 1g and 10g averaged SAR (3 — 6 GHZ) ..o 92

Table H.1 — Parameters of analytical reference functions and associated reference
peak 10g SAR value. Reference peak 1g SAR value is 1 W/kg for every function ................. 98


https://iecnorm.com/api/?name=7161d9ec050a65842f1a125cfd3a3d69

IEC PAS 63151:2018 © IEC 2018 -7-

1)

2)

3)

4)

5)

6)

7)

8)

9)

The|
all

inte
this
Tec
Pub
in
gov
with
agrd

The|

cong

inte

IEC
Con
Pub
mis
In d
tran
bet
the

IEC|i

ass

seryi

All

No
mer
othd
exp
Pub)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

MEASUREMENT PROCEDURE FOR THE ASSESSMENT OF
SPECIFIC ABSORPTION RATE OF HUMAN EXPOSURE TO RADIO
FREQUENCY FIELDS FROM HAND-HELD AND BODY-MOUNTED
WIRELESS COMMUNICATION DEVICES -

(Frequency range of 30 MHz to 6 GHz)

FOREWORD
International Electrotechnical Commission (IEC) is a worIdW|de Q zak standgrdization conj
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atter
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pssment areas, access to |IEC marks of conformity. IEC is not responsible
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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.

A PAS is a technical specification not fulfilling the requirements for a standard, but made
available to the public.
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IEC PAS 63151 has been prepared by IEC technical committee 106: Methods for the
assessment of electric, magnetic and electromagnetic fields associated with human exposure.

The text of this PAS is based on the This PAS was approved for
following document: publication by the P-members of the
committee concerned as indicated in
the following document

Draft PAS Report on voting
106/410/DPAS 106/420/RVDPAS

Following publication of this PAS, which is a pre-standard publication, the technical committee
or subcommittee concerned may transform it into an International Standarg:

This PAS shall remain valid for an initial maximum period of 3 i m the
publichtion date. The validity may be extended for a single pe um of
3 years, at the end of which it shall be published as another type o qti ent, or
shall he withdrawn.

This publication has been drafted in accordance with the |

te.

A bilinlgual version of this publication may be issued(at g'later

IMPQRTANT - The 'colour inside’ | on the'cover page of this publication indigates

that [ it contains colours which (are—~considered Sto be useful for the cofrect
Id the

undgrstanding of its contents, Users ore print this document using a
cololr printer.
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INTRODUCTION

This Publicly Available Specification (PAS) specifies the requirements for vector
measurement-based systems to measure the Specific Absorption Rate (SAR) of devices that
are used in close proximity to the human body or head.

This PAS is published in order to make available the current state of the technology. It is
planned to publish a standard as Part 3 of the IEC 62209 series. When IEC 62209-3 is
published this PAS will be withdrawn.

This PAS acknowledges the need for fast and accurate systems to determine the human
expospre to radio frequency fields from hand-held and body mounted wirgless_ communication
devicgs.

As SAR measurement systems are used for showing compi nal and
international exposure limits the test procedures have to be stang i ) dardization
is necp

Vecto SAR
measly . ROIE feld reconstruction
metho , : 9AR is
evalug i i i imi ¥{ points which may be

locate > i tsis volume. Such neyw SAR
assessg ;
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MEASUREMENT PROCEDURE FOR THE ASSESSMENT OF
SPECIFIC ABSORPTION RATE OF HUMAN EXPOSURE TO RADIO
FREQUENCY FIELDS FROM HAND-HELD AND BODY-MOUNTED
WIRELESS COMMUNICATION DEVICES -

Vector measurement-based systems
(Frequency range of 30 MHz to 6 GHz)

1 Scope

This Rublicly Available Specification (PAS) specifies protocols a ‘ QCEs or the
reproqucible measurement of the peak spatial-average specific \a o\ 5SAR)
inducgd inside a simplified model of the head or the body by radio- ransinitting
devicgs, with a defined uncertainty. It provides requirements for t i vector
measyrement-based systems. Such systems determine th&é psS % uction
within| the volume of interest by specifying the requiren stem,
calibration, uncertainty assessment and validation ¥ [ dures
apply ffor a significant majority of people including childfen duri f body-
worn Wwireless communication devices.

This - at a
positign near the human head or body gt-distances ihcluding 200 mm. This PAS can
be e i types of wireless communication
devic éd on the body, combined with| other
RF-tr Ni ! accessories (e.g. belt-clip), or embedded in
garm S rom 30 MHz to 6 GHz.

The system validation \Rrocedyre vithin this PAS cover frequencies from 600 MHz
to 6 GHz.

NOTE defined
over th¢ full frequency range

The de rdless
micro uters,
desktq

2 Nprmative re

The foHewing—decuments—are—referredto—inthetextinsuch—a—waythat seme—oralof 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.

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of
uncertainty in measurement (GUM:1995)

ISO/IEC 17025, General requirements for the competence of testing and calibration
laboratories

IEC 62209-1:2016, Measurement procedure for the assessment of specific absorption rate of
human exposure to radio frequency fields from hand-held and body-mounted wireless
communication devices — Part 1: Devices used next to the ear (Frequency range of 300 MHz
to 6 GHz)
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IEC 62209-2, Human exposure to radio frequency fields from hand-held and body-mounted
wireless communication devices — Human models, instrumentation, and procedures — Part 2:
Procedure to determine the specific absorption rate (SAR) for wireless communication
devices used in close proximity to the human body (frequency range of 30 MHz to 6 GHz)

IEC 62479, Assessment of the compliance of low-power electronic and electrical equipment
with the basic restrictions related to human exposure to electromagnetic fields (10 MHz to
300 GHz)

IEC TR 62630:2010, Guidance for evaluating exposure from multiple electromagnetic sources

IEC/IHEE 62704 (all parts), Determining the peak spatial-average specitic_absorptioh rate
(SAR)|in the human body from wireless communications devices, 30 MHz

3 Terms and definitions

For the purposes of this document, the terms and d P09-1,

IEC 62209-2 and the following apply.

ISO apd IEC maintain terminological databases for/use in ' : owing
addregses:

e |EC Electropedia: available at http:/

e ISP Online browsing platform: availahle 2

3.1
vectol probe
probe|which measures bo

3.2
scalay probe
probe|which me

3.3

vectof measure p

system consisting.of m litude
distribjution_oni the amypli P bver a

specifled volu

3.4
analysis bandwidth{of a signal analyser)
maximum frequency span of observation for a system capable of spectral analysig. The
anaIyCiQ bandwidth is gpnprally characterized hy a certain flatness (+ ’rnlpranm:) bf the
responses of the system in the defined range of frequencies

4 Symbols and abbreviated terms

For the purposes of this document, the symbols and abbreviated terms in IEC 62209-1 and
IEC 62209-2 apply.

5 Overview of the measurement procedure

The objective of this clause is to give the user of this PAS a quick overview about the test
procedures in this PAS. The user of the PAS shall refer to the respective clauses for more
details when using the flowchart.


http://www.electropedia.org/
http://www.iso.org/obp
https://iecnorm.com/api/?name=7161d9ec050a65842f1a125cfd3a3d69
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Evaluation plan check- list, (see Table 1)

Preliminary actions

Tissue-equivalent liquid dielectric
parameters check (6.2.3 / Annex
A.1.3/ Table A.3)/ (7.1.1) *

some parameters in array systems may
not be directly verifiable by the user,
therefore shall be provided by the

Uncertainty assessment review for
dielectric parameters (1.1.4) *

some parameters in array systems may
not be directly verifiable by the user,
therefore shall be provided by the
system manufacturer

Systerrrdriaracturer

Measurement system check
(7.1.2 / Annex D.4 / Figure D6)

24

DUT setup

Device preparation (7.1.3)

NX
Posmo ng ofBﬁlT\N\Sand\{1}/

SAR m&

Gener Proceduw\z\\\)

ingl .3.
Test re i 3.
im neous transmission (7.4.2)

robé measurement (7.3.1)
ction (7.3.1)

inty evaluation (8)

Arra Pr be
Ie Table 4, Table 5)

Single Probe (8)

Eigure 1 — Evaluation plan checklist

Reporting SAR results (9)

IEC

IEC PAS 63151:2018 © IEC 2018
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Table 1 — Evaluation plan checklist

Stage Evaluation steps Action
Evaluation plan |[What type of device is being evaluated? Complete check-list based
check-list on evaluation plan (Table

Review of antenna contained and wireless technologies supported, |4 Figure 1)
Planning of the [singly or in combination. '
measurement

configurations What are the test positions applicable?

Working under laboratory conditions and following good laboratory
practice and documentation, prepare to conduct the necessary

evaluation.
Preliminary A dielectric measurement of the tissue simulating medium shall be _|Shall be conducted before
actions| and performed for systems with open phantoms, and the result shall be |starting a project.anf
Measufement recorded. o
system| check . ) NE
System check needs to be performed to verify the correct working o{
the system components (Annex D.3). /\
DUT sqt-up The protocol for SAR assessment defines all the permutations o
. operational conditions that should be tested. The essential rect
Prepargtion of . .
include:
DUT
Preparing the DUT by establishing a connection to a pet e
simulator
Configuring the DUT to operate on the appropriate test
Positioning the DUT in relation to the phanto
SAR Determining highest|SAR

Ensure the rationale for
test reduction is recprded
and reported if used

measufements
procedpres

Genergdl SAR
procedpre
Uncertainty rmulas are provided (clause 8), Determine uncertainty and
evaluafion h individual uncertainty component. complete the uncertginty
. table
r the appropriate frequency range
in the SAR system.
e (Table 2 to Table 5)
Reporting SAR ribes the results of the evaluations, provides Prepare the final regort
results icient(technical details to allow for repeatability of the and consider the
ed and reports the results by comparison with requirements listed |n

clause 9.

~c{mplia ce with this PAS.

6 Measurement system specifications

6.1 General requirements

A vector measurement-based system consists of the phantom (a SAM phantom representing
the human head and/or a flat phantom representing the human body) filled with tissue-
equivalent medium, the electronic measurement instrumentation, one or multiple probes, a
field reconstruction algorithm (Annex C) and DUT holder. The peak spatial-average SAR shall
be assessed from the SAR distribution induced in the volume of the phantom from the
electromagnetic fields produced by the DUT. The vector measurement-based system shall
reconstruct the SAR in the volume of the phantom from the electric or magnetic fields
measured by the probes. The vector measurement-based system may be a single probe
system (scanning a single probe in the volume of the phantom) or an array system having
multiple probes. The measurement system calibration shall be traceable to national standards
and with quantified and documented measurement uncertainties. In addition, the systems
shall meet the validation requirements specified in Annex D.
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The information contained in the captured field shall be sufficient to determine the peak
spatial-average SAR with an uncertainty meeting the requirements of this PAS. The
manufacturer of the measurement system shall document the field reconstruction algorithms.
The phantoms are filled with the required homogeneous tissue-equivalent medium. In the
case of movable probes inside the phantom, the tissue-equivalent medium shall be a low-
viscosity fluid to allow free movement of the probes within it. For a fixed probe-array no such
constraint applies.

The tests shall be performed in a laboratory conforming to the following environmental
conditions:

— Th

— In
equi
depcribed in IEC 62209-1 and IEC 62209-2.

— In hermetic systems, the manufacturer shall provide either
a)| a procedure for the accurate measurement of dielectric f
b)| documentation of the dielectric parameters and rature

and ambient temperature that were measured for t was
manufactured or during system recalibration

- In of the
diglectric properties of the tissue-si i equal
to pr greater than the calibration i

— Prijor to tissue-equivalent mediug SAR
measurements, the DUT, test equj shall
ha shall
no ature,
sup

- B A t, the
temperature of the|tissu@\si i o\ more
than 5 %, in i of the
tispue simula i i i | stay
within the tolerarce [ 18 smless active temperature compensation is employed
by| the SAR /Mmgas \ m. If active temperature compensation is usedl, the
manufacturer of the n renf system shall provide documentation of the tempefrature
measuregien ‘ sation algorithms and the uncertainty of the temperature
compensatjon. /1.14.5 to determine the temperature sensitivity uncertalnty of
the tiSsue.si i edium.

— Th eflections from cables, test equipment, or other reflectors shall be
de ermmed VY| e SAR system check procedure with and without reflectors present or
where mnecessary’wi judici i i ise of
ferrite-beads on cables

y p

secondary RF transmitters, etc., result in a peak spatial-average SAR (for 1 g or 10 g
mass, whichever is applicable to the test) of less than 0,012 W/kg by measuring the peak
spatial-average SAR at (approximately) 0,4 W/kg (used to establish the above 3 % limit)
using the SAR system check procedure. When the effect of cables and reflectors is more
than 0,012 W/kg, ferrite beads, RF absorbers and other mitigation techniques shall be
applied to reduce the induced error. If the preceding limit cannot be achieved, a value
higher than 3 % (0,012 W/kg) has to be considered in the uncertainty budget in the “RF
ambient conditions — reflections” row, provided it can be demonstrated that the SAR
contribution due to reflections determined by the system check procedure is less than
10 % of the SAR measured for the DUT. The requirement on reflections shall be verified at
least every year or whenever the system check shows unexpected results.

— During testing the DUT shall not be connected to any wireless network except a base
station simulator in the lab.
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NOTE The terms system validation and system check are italicised because they refer to specific test protocols
described for the purposes of this PAS.

System validation according to the protocol defined in Annex D shall be done at least once
per year by the system manufacturer, including when a new system is put into operation and
whenever modifications have been made to the system, such as a new software version with
e.g., updated field reconstruction algorithms, different type or version of readout electronics or
different types of probes. The full system validation defined in Annex D shall be performed the
first time for a new measurement system. It may be unnecessary to perform a complete
system validation each subsequent time. A reduced set of measurements may be performed if
it can be demonstrated and documented by the system manufacturer that the set is sufficient
to warrant acceptance according to the criteria (e.g., if the frequency dependent sensitivity of

the s i onsta cy o aSOHRS—6 or—¢ r—then-the-rumbe es may
be reduced). The antennas used for system validation shall be designg ed to
meet the requirements specified in this PAS (see Annex F).

NOTE h that it
can alsp be performed independently by any third party.

The measurement system shall be validated as a compl of all
parts, |including the full sensor array, the dielectric mediur electronics)| etc.).
The measurement probe or probe array shall be calibrg i e final
opera i ration
shall

Wherg ystem
orap or the
syster]

6.2

6.2.1

The S a antom
and th M pirantom are provided in Annex A. The head SAR
procedlures in this PAS a slical SAM phantom requirements in IEC 6220941. For
some i = be restricted to a sagittally-bisected horizontal SAM
phant \taiber may)be open (i.e., the tissue-equivalent material is in|direct
contag

6.2.2 y s csifications — shell

The fl he ) ply with requirements specified in Annex A. The phantom corftainer
may b i€, the tisSue-equivalent material is in direct contact with air) or hermetic

6.2.3 Tissue-equivalent medium material properties

The Fhalltunl stralt—be—fited—with t;aouc-cqu;va=cut meditm—with—the |c\,|u;lcd chielectric

properties. The dielectric parameters shall be evaluated and compared with the values given
in Table A.3 using linear interpolation. This measurement can be performed using the
equipment and procedures described in IEC 62209-1:2016, Annex J. The measured dielectric
properties, not the values of Table A.3, shall be used in the SAR calculations.

To minimize reflections from the tissue-equivalent medium surface that is distal from the
measurement (phantom) surface, the depth of the medium should be at least 15 cm from the
flat body phantom inner surface or from the SAM inner surface above the ear reference point.
In such case, the uncertainty due to such reflections does not need to be added to the budget.
A medium depth of less than 15 cm may be used if it is demonstrated (e.g., using numerical
simulations) that the effect on peak spatial-average SAR is less than 1 % under worst-case
conditions. If it is more than 1, detailed evaluation of the maximum uncertainty shall be
documented and added to the uncertainty budget. For the case of systems with hermetic
phantoms, the depth of tissue-equivalent medium for the individual phantom shall be reported
by the manufacturer.
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Hand and Device holder considerations

The requirements of IEC 62209-1 and IEC 62209-2 apply.

6.4

Measurement system requirements

6.4.1 General

The vector measurement-based system may be a scanning system (moving a single probe in
the volume of the phantom) or an array system with multiple probes. The requirements for
scanning systems are provided in subclause 6.4.2, and the requirements for array systems
are provided in subclause 6.4.3.

6.4.2 Single probe measurement system specifications

The single probe measurement system shall comply with the followipg:
Thie probe and scanning system and reconstruction algorithp ination
of |the spatial SAR distribution in the required regions\of t nown
ungertainty for a near-field antenna placed outside the, bn the
ungertainty are provided in 8.2.
Thie manufacturer of the measurement system idexldocuipentation to the user
defining the measurement region and frequenc 5 PAS
aré met.
Thie spatial resolution of the mea shall
allpw the fields to be reconstructed ‘8 idn and
to the boundary between the tissue-equivaleqty
Th ented
and the related uncertain
Alll relevant uncertainty d and
dorumented.
Thie dynamic/ra ement
ungertainty budgeé for all
mqdulations. The region
of the phantopr’iq &
Prpbe cali i all be performed in conditions equivalent to its final opgrating
copdition{\meeti [ juirements of this PAS. Calibration of the probe separately from
the sy i , provided that the electrical interface characteristics between the
probe.and\e ot eledtronics are specified and implemented during measurements. The
probe sha|l be ated together with the identical type of equipment (amplifier, filtering,
data acquisiti etc.). The probe shall be calibrated at the appropriate opgrating
frgquency and~iemperature range, according to the methodology describgd in
IEC 62209-1.

6.4.3  Array measurement system specifications

The array measurement system shall comply with the following:

The probe array shall allow the measurement of the electric or magnetic field that is used
as an input to the reconstruction algorithms that enable the determination of the spatial

SAR distribution in the required regions of the phantom with known uncertainty for a

near-

field antenna placed outside the phantom. The requirements on the uncertainty are

provided in 8.2.

The manufacturer of the measurement system shall mark the extent of the measurement
region on the flat phantom and document this region as well as the frequency range where
the requirements of this PAS are met. At the head phantoms, the marking is not required
as the DUT position and orientations are specified in the test procedure. Markings shall be

such that phantom shell requirements of this PAS are still respected.
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For the head phantom, the SAR evaluation region of the system after field reconstruction
shall include all points within the projection of the outline of the wireless device.

The deviation of the locations of the probes in the array from their specified locations shall
be documented and the related uncertainty shall be evaluated according to Annex [.1.2.
These positions shall not vary by more than £0,1 mm as a function of temperature and
pressure. If the displacement is larger, the probe displacement shall be documented and
the uncertainty shall be assessed by the system manufacturer.

The spatial resolution of the measurement grid and the reconstruction algorithm shall
allow the reconstruction of the fields anywhere within the defined measurement region and
to the boundary between the tissue-equivalent medium and the phantom shell. The
manufacturer shall document the types and spatial distribution of probes in the array. In
particular, it shall be specified for each probe in the array:

1)| its location within the phantom;

2)| whether it is sensitive to incident magnetic or electric field;
3)| which polarizations of the incident field it is designed to receivwe;
4)| if they measure magnitude of the field only or magnitud

Alll relevant uncertainty contributions as defined in(clause he assessefl and
dorumented.

The dynamic range of the measurement syste uch that the measurpment
ungertainty budget is valid for 1 g average S e /kg to 10 W/kg |for all
ma@dulations. 1 g and 10 g SAR cubes cgy| be ; - bf the
phgantom in which the uncertainty i§ guarag 8

Prpbe-array shall be calibrated
temperature range in conditions eq

erating frequency range¢ and
inal operating condition meeting the

re m shall be calibrated in th¢ final
phpntom assembly, wi eyUivalent read-out electronics usIed for
the system and ident - ment/(aplifiers, filtering, data acquisition efc.), at
th 2 i and temperature range, with one of the megthods
de
6.5
The rg I[EC 62209-1 and IEC 62209-2 apply respectively for
meas\ antoms. The DUT is preferably mounted on a pigce of
low re and Tow loss foam before being mounted into the device holder
to avali gen the device holder and the DUT. If this is not possible, the
deviceg minimum amount of contact to the DUT to give a securg hold
and mfaintai S Fequi position during the measurement.
When|the highestweported SAR is greater than 75 % of the compliance limit and the DUT has
been measured in contact with the device holder, the highest SAR test condition amqgng all
frequgncy /bands and positions shall be tested again for each single transmitter, without{ using
the hofder—imthisTase, the DUT positionm shattbeTeatized by usingtow-tossfoanT mmaterial

and non-conductive adhesive (e.g., tape or elastic bands). The peak spatial-average SAR
both with and without holder conditions shall be reported. If the difference between these
values is greater than the expanded (k = 2) uncertainty for measurement repeatability, then all
SAR test conditions that are within the expanded (k = 2) uncertainty (see Clause 8) of the
compliance limit shall be measured without the holder.

The effect of the hand on the exposure of the head phantom is not considered in this PAS.
Refer to IEC 62209-1 for a rationale.

With array systems using closed flat phantom, a holder may not be needed in certain test
positions. The DUT may for example be disposed over the flat phantom, in direct contact with

the

phantom or using a low-loss and low-permittivity high density foam spacer providing a

separation distance.
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6.6 Reconstruction algorithm and peak spatial-averaging specifications

Unlike SAR measurement systems defined in IEC 62209-1 and IEC 62209-2, a vector
measurement-based system does not determine the peak spatial-average SAR directly from
measurement points on a 3D grid covering the peak spatial averaging volume. Therefore, the
purpose of the reconstruction algorithm is to determine the distribution of the SAR in the
volume of interest such that the peak spatial-average SAR can be evaluated with known
uncertainty using the electric and/or magnetic fields measured by the vector measurement-
based system.

The following requirements on reconstruction and peak spatial-average SAR shall be met:

m the
all be
'y and

of the
orted.
at the

ges to the user if
the peak spatial-average SAR is outside the which the unceftainty

requirements of this PAS are met.

F ior e ape’and orientation relative to a curved phantoim
: R
7 Pr
7.1
All me , in accordance

with I$O/IEG*17025,7or any other local and national requirements for device certification. This
PAS does not contain detailed information needed to configure devices for specific wireless
techn i isfyi tional
requwements to ensure that the maximum SAR is obtained.

711 Preparation of tissue-equivalent medium

Tissue equivalent medium shall yield relative permittivity and conductivity values within £10 %
of the target values at the frequencies at which the SAR is measured. Annex |.1.14 shall be
used to correct the measured SAR for the deviations in permittivity and conductivity. If the
correction ASAR has a negative sign, the measured SAR results shall not be corrected.

For systems using open phantom, the dielectric properties of the tissue-equivalent medium
shall be measured within 24 h before the SAR measurements and every two days of
continuous use. The dielectric properties of the tissue-equivalent medium may be measured
less frequently (but not less than once per week) if the laboratory can document compliance
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with dielectric properties of the tissue-equivalent medium material as specified in IEC 62209-1
and in I[EC 62209-2.

If the tissue simulating medium is in a hermetically sealed phantom the test laboratory may
not be able to directly measure the dielectric properties of the tissue-equivalent medium. In
this case, the manufacturer of the measurement system shall document compliance with
dielectric properties of the tissue-equivalent medium during production, as specified in
IEC 62209-1 and in IEC 62209-2, as well as the recommended procedure and measurement
interval only if the latter is longer than the validity period of the system calibration. The
compliance certificate shall be valid for the intervals between the measurements of dielectric
properties of the tissue-equivalent medium.

7.1.2 System check

A system check according to the procedures of Annex D shall be cofmp : S hours

beforg performing SAR measurements for the DUT. The purpose<of the q eck is to

verify |that the system operates within its specifications. The<s N est of

repeafability with a calibrated antenna to ensure that the sy ing the

compljance test. The system check shall be performed in ordex to_dets S ift over

short {ime periods and other uncertainties in the system, st :

— unpcceptable changes in the parameters of the ue to
wdter evaporation or temperature changes;

— component failures;

— component drift;

— opkrator errors in the set-up or the

— adpyerse conditions in the system, e\g.,

NOTE otocols

describpd for the purposes qf thi

The slystem ch : ' stem,

using [the same R probe( i of the

DUT fpr each frequene

7.1.3

The fequirefnenfs\ oparation of the DUT as specified in IEC 62209-1 and

IEC 62209

7.1.4

For DUT aperating modes, the requirements of IEC 62209-1 and IEC 62209-2 apply.

7.1.5 —Positlon of the DUT In refation to the phantom
For the positioning of the DUT, the requirements of IEC 62209-1 and IEC 62209-2 apply.

7.1.6 Positions of the DUT in relation to the flat phantom for large DUT

If the DUT is equal to or larger than the measurement area supported by the phantom, the
scan shall be divided into smaller regions. The DUT shall be shifted such that multiple scans
can be combined to encompass at least the projection of the DUT over the flat phantom.
When the DUT is shifted over the measurement area, the coupling between the DUT and
phantom may be affected and differ from that with a larger phantom. Therefore, this procedure
may not apply if there is a significant change in the shape of the SAR distribution between
scans; otherwise, this effect shall be taken into account in the uncertainty evaluation.
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To limit the measurement errors due to coupling variations, the scanned areas of the DUT
from two successive tests shall overlap by at least one third in the shift direction as shown in
Figure 3. The formula below provides the minimum number of tests to perform for a DUT
equal to or larger than the measurement area, when successive SAR evaluations with one
third overlapping section are combined:

NBiests = NBsublength X NBgupwidth (1)
L 1 w' 1
NBiegs = roundup| ((| == ) x (1+—)) x roundup((—) |x (1+ 7)) (2)
= e
Wherg:
L is the length of the DUT
w is the width of the DUT
L is the length of the measurement area recomme
w is the width of the measurement area recom
NBiesth is the number of tests performed on DUT divistons SAR
evaluation of the DUT
NBgpfength  is the number of sub-divisions of th

NBg phigth 1S the number of sub-divi

L

Efficient measuremenj/érea

Large DUT

M Overlapping area

Large DUT

Afh\\coverin the 6 areas

IEC

feasurements performed by shifting a large device
he efficient measurement area of the system including
erlapping areas - in this case: 6 tests performed

71.7 Test frequencies for DUT

A DUT shall be compliant with applicable exposure standards at all transmitting frequencies.
However, testing at every channel is impractical and unnecessary. The purpose of this
subclause is to define a practical subset of channels where SAR measurements are to be
performed. This subset of channels is chosen so as to give a characterization of a DUT with
any applicable exposure standards.

NOTE In some cases of Wi-Fi technology and other wide band systems such as WiMAX, the maximum output
power of a channel may vary across the frequency band. The required test channels may not include the channel
with the highest RF transmit power. For example, for Wi-Fi based technologies, the channels operating at the band
edge may produce lower power in order to comply with specific out-of-band limits, therefore it may be necessary to
perform the testing on the channel adjacent to the band edge channel. For other devices, the maximum output
power of different channels may be optimized differently. Therefore, before performing testing using the specific
channels required by this standard, the maximum output power of the channels need to be verified to determine the
chosen channels are indeed producing the highest rated output of the device. The process used to establish the
channels for testing purposes shall be documented in the test report.
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For each operating mode of a wireless technology used by the DUT, tests shall be performed
at the channel closest to the centre of each transmit frequency band. If the width of the
transmit frequency band (4f = fiign — fiow) e€xceeds 1 % of its centre frequency f;, then the
channels at the lowest and highest frequencies of the transmit band shall also be tested.
Furthermore, if the width of the transmit band exceeds 10 % of its centre frequency, the
following formula shall be used to determine the number of channels, N_, to be tested:

Jhigh - /1

N, =2xroundup [lOXM 1+1 (3)
fe

Wherg:

/s is the centre frequency channel of the transmission band in Hz

Jhigh is the highest frequency channel of the transmission band in

Siow is the lowest frequency channel of the transmission band i

N, is the number of channels

NOTE The function roundup(x) rounds its argument x to the next hig i jer) e annels,

N,, willlalways be an odd number. The channels tested shall be equally e i uch as

possiblg¢) and shall include the channels at the lowest and highes S, i i alid for

all test|frequencies and liquid dielectric parameters at those fréquencies. i bands

may require multiple probe calibration points and different tisspe-equiyvalentiquid quency

band.

NOTE P Regulatory agencies may have differen i ¢ b ed per

transmigsion band, according to frequency alloca ‘

NOTE hel, the

test requirements may vary among different natjonal
7.2 |Tests to be perfor

In order to determine
devicg positions, eonfig
band according @

Step 1:

he _{eak spatial-average SAR of a devige, all
gnal modes shall be tested for each frequency

frequgncyband (f.) T

a) all| dewi QS oy the body phantom (if testing of DUT against body phanfom is

b) alllcheek.and tiltpositions on the left and right head phantoms (if testing of DUT algainst
hepd’phantom is required);

c) allconfigurationsforeachdevice positiomima), e.g-, withdevice stide or tover open and
closed or antenna extended and retracted;

d) all operational modes, e.g., different resource block allocations in LTE or modulations, for
each device position in Step 1 a) and configuration in Step 1 b) in each frequency band;

e) all antennas used.

Step 2:

For the test condition providing the highest peak spatial-average SAR determined in step 1,
perform the tests at all other test frequencies as required by 7.1.7 (e.g., lowest and highest
channels). In addition, for each device position, configuration and operating mode where the
peak spatial-average SAR value determined in step 1a), step 1b) and step 1c) is greater than
or equal to half of the applicable SAR limit, testing of other channels of 7.1.7 is required as
well, otherwise it is not required.
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Step 3:

Examine all data to determine the highest value of the peak spatial-average SAR found in
step 1 to step 2 for each operation mode in each frequency band.

7.3 General measurement procedure

This clause documents the procedure to be performed for each of the test conditions
described in 7.2. For single probe systems, the measurement procedure of 7.3.1 shall be
applied. For array systems, the measurement procedure of 7.3.2 shall be applied.

7.3.1 Measurement procedure for single probe systems

If a dingle probe measurement system is used, the general measurg ire  of

IEC 62209-1 or IEC 62209-2 (as appropriate) shall be applied, exeept th ¢ scan

descriped in the procedure may not be requwed due to the use © S uction

algori P may

be rep

o |If SAR
sh p SAR
ev ion. i ithi yrface of the phpntom
wh i ‘ s Wit of the measurgment
system. The SAR drift of the D i ated i two
measured single-point SAR valueg;

o If the SAR drift exceeds 5 % then the

7.3.2

If an 1r

a) Measure the electr

b) Apply the regonhstr icable
vojume of the\pha

c) Ag

Comm have

signifig power that are not classifiable as undesirable power diift but

rather e normal operating behaviour of the device. In these ¢ases,

metho(d f wer s aling shall be applied with the aim of ensuring that an accurate and

consef S i

7.4 |SAR measurements for simultaneous transmission

DUTs Lwith _multiple antennas or multiple transmitters (wifh single _or multiple ante nnas)

transmitting simultaneously require special test considerations. The methods to combine the
fields in order to determine the combined SAR distribution differ depending on whether the
corresponding RF transmitters emit waveforms that are correlated or uncorrelated in time
(IEC TR 62630).

7.4.1 SAR measurements for non-correlated signals

When two or more signals are non-correlated (e.g., transmission at different frequencies,
modulations, or data streams), the combined SAR at each location, », in the phantom is
calculated from simple summation of the SAR values of the individual transmitters:

SARy(r ZSARk (r) (4)
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Prior to averaging and search of the peak spatial-average SAR, each SAR distribution shall
be assessed separately. After field reconstruction and determination of the individual SAR
distributions, SAR\(r), the summation given in the above equation is performed. The averaging
and search of the peak-spatial average SAR are then conducted.

The above procedure applies regardless of whether the N non-correlated signals are turned
on separately or transmitting simultaneously. SAR measurement while signals are transmitting
simultaneously is possible only if the measurement system is capable of distinguishing the
signals so that they can be processed separately.

For measurement equipment, capable of distinguishing between various signals and
frequ " i . C .

b) THe DUT is positioned to the phantom according to 7.1.5:

c) M so that frequency

contributions falling within the f; + B, /2 range are aSsessedB, e analysis bangwidth
of |the probe or probe-array readou electro e/prosedure described here supposes
B,|is larger than the signal bandwid

d) Iff; = Bg/2, for any transmitter i bet : is“coataiped in the f; + B,/2 rangg, then
thé SAR is measured directly as i le-frequency transmission modg. This
is equally applied to the case where ; gnal bands fall within B,,.

e) If there is no overlap/be &R index transmitter index i, and f; |t B,/2
rahge, then measure i

f) If fthere is overlap/ betwern f: X 27 and~f7* B,/2 range, then (i) reduce the arjalysis
bandwidth to fiatch i all as possible but no lower than By, and|avoid
overlap, theI ( rge”and/or move the analysis bandwidth so that the

sppn from the ey 10 the maximum frequency of the two signals falls
within the analysis S apply step d).

N endi asurement system technology, the analysis bandwidth can be in the radiofrgquency

g) Sat rement system to measure SAR at frequency f,, so that frecluency
coptributiong\falling within the f, + B,/2 range are assessed. Apply step d), step ¢) and
step f) fortransmitter?2 as appropriate.

h) Rgpeat.step d ép e), step f) and step g) for all other transmission modes.
i) Udefone of the four alternatives defined in clause 6.4.3.2 of IEC 62209-1:2016 to pbtain

thé—combined-SAR-

7.4.2 SAR measurements for correlated signals

DUTs with multiple antennas transmitting correlated signals simultaneously represent a
particular case of devices such as MIMO transmitters with digital beam-forming capabilities
and require special test considerations. Signals of such DUTs can be classified based on the
change of relative phases of signal in a normal communication. In general, there are two
types of signals that can be found in most of recent generation multi-antenna transmitters.
The first, referred to as type 1, is signals with relative phases unchanged during a relatively
long duration compared with symbol duration. This type of signals can be found in phased
array antenna systems where the relative phases of signals fed to the antennas are controlled
to form the radiation pattern of the array antenna toward a certain direction. In different
operating environments, the relative phases may change to obtain different desired radiation
patterns. Yet, as soon as transmitting direction is determined and the pattern is formed, the
relative phases will be fixed during certain duration, and will only change when the radiation
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pattern is configured to another form. In fact, the duration that relative phases are kept
unchanged is relatively long, compared with the duration of a symbol in normal
communication. The second type, referred to as type 2, on the other hand, is signals with
relative phases changed quickly in a relatively short duration. Such signals can be found in
the systems utilizing MIMO techniques. Relative phases of signals will be changed from
symbols to symbols due to the function of space-time block code (STBC) in the MIMO
schemes. The relative phases of signals are changed from symbol to symbol according to the
STBC coding, and no specified direction is formed during a normal communication.

As explained in IEC TR 62630, the correlated signals can only be transmitted at the same
carrier frequency and SAR depends on the relative phase(s) between the signals.

For type 1 correlated signals, the peak spatial-average SAR is evaluated bf the
methods described in IEC TR 62630. Prior to averaging and searc batial-
avera@e SAR, each field distribution shall be assessed separately. Aftex field re ion of
each gignal contribution, the combined SAR distribution is determi Y ither by
summption of the E-field magnitudes, summation of the E-field somy \ ion of
the cgmplex E-field vectors (IEC TR 62630). The averaging 8 - spatial
avera@e SAR are then conducted. Summation of the E-field s ¢ nents
provides a conservative overestimation compared to the st \ E-field vectors. If
both gmplitude and phase of the electric field are kngwn, This™§ i 3 aluate
peak gpatial-average SAR under simultaneous transpissi } vector

fields |[of each individual transmitter, transmlttl g ighest time-avgraged
outpu{ power with single SAR case, clause 6.5|1 of
IEC TR 62630:2010 applies to characteri ineddfi correlated signals.

For type 1 correlated signals, the p i providing the highest peak spatial-
average SAR shall be determined fro et ofyphase combinations that the device
is capable of. If summatiomof the ~ ors is used, post-processing may be
used ' wo signals, add a constant phase ghift to

the in -fi ¢ ign add the SAR distributions from the first and
seconf si . I e iquE 7’be used, such as measurement of all phase
combipati i i

For ty ' igna o SAR shall be measured with all signals transmitting
simult . ) i rat|on time shall be sufficient to ensure that enough symbols

are trg

8 U

8.1

The upcertainty budget is applicable to either head or body SAR measurements. The esfimate
of the|meéasurement repeatability, as verified by the system check measurement, is obfained
by omitling the Type B confributions from the uncertainty budget. The uncertainty budget
calculated in Table 2 to Table 5 is an example for the 1 g or 10 g SAR measurement of a DUT
or a validation antenna.

Each input quantity is described together with an example of how the associated standard
uncertainty is evaluated. These are general examples that may not be applicable to all
measuring systems, and additional quantities may be required in a specific case as
determined by the system manufacturer.

Further information for system manufacturers and calibration laboratories to assess the
measurement system uncertainty is given in ISO/IEC Guide 98-3.
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8.2 Requirements on the uncertainty evaluation

The expanded uncertainty is the result of an uncertainty evaluation, specific details of which
are recorded in an uncertainty budget. Separate uncertainty budgets shall be evaluated for
SAR measurements according to the following:

— The expanded uncertainty in the measured value of mass-averaged SAR (1 g or 10 g)
shall be assessed in accordance with the guidance and explanation given in ISO/IEC
Guide 98-3 and requirements specified in this PAS.

— The frequency range for which the uncertainty analysis is valid shall be specified.
— The reported uncertainty shall represent the maximum expanded uncertainty within this

rammge:

— Thle expanded uncertainty in the system check and system validation(meastitements shall
aldo be evaluated. The uncertainty shall be quoted at the 95 % cohfidep el, and the
expanded uncertainty shall not exceed 30 % of the peak spatialaxe valye(in the

ramge of 0,4 W/kg to 10 W/kg for SAR averaged over 1 g.

— If the expanded uncertainty for DUT testing is greater tha related to

erors due to incorrect test setup of the test equipment i gaported data negds to
take into account the percentage difference between ycertaiQty and the 30 %
tanget value (ISO/IEC Guide 98-3). The formula fo i ) icable SAR limit by
the excess uncertainty shall be as described in IE

8.3 |Description of uncertainty mod

The ¢ombined standard uncertainty\ of SAR consists of unceftainty
contriputions from the following influences,

1) Measuring system uncertainties \to b ifie the manufacturer, MM (Anrlex 1.1
and top section of rtainty for calibration of the pector
measurement-based the system calibration laboratqry or
manufacturer.

2) Uncertainties i
Tqble 2): ap

3) Measuring syste

Qrrections, MN (Annex 1.2 and bottom section of
AR scaling, etc.).

ch are dependent on the device under test (DUT)

gration time (1.3.4), signal modulation (1.3.3), coupling

between he sensor array (1.3.2). The corresponding uncertainty may
in¢lude ainty analysis based on a set of sources which shall be
d eq and demynstrated to be sufficient for ensuring a conservative assessment of
th 3 L ainty contribution. The analytical approach described in Annex H.p may
algo be u

4) Environmentailfactors (Annex 1.4 and Table 3): The uncertainties caused Hy the
laboratery environment in which the measuring system will be used. These uncertTinties
in¢lude those relating to temperature, ambient signals and reflections.

5) DUT-related uncertainties (Annex |.4 and Table 3): including drift in RF output, device
holder effects, positional errors and modulation (if different from those in 2).

The types of devices under test for which the combined uncertainty estimate is valid shall be
stated. For all other devices, additional tests may be required to establish the measurement
uncertainty. The uncertainty analysis shall be performed at a set of frequencies which is
sufficient to ensure that the uncertainty between the frequencies of characterization is not
higher than at the frequencies of evaluation.

The measuring system uncertainties shall be assessed separately for head or body
measurements and for 1 g or 10 g averaged SAR as required. All error terms are given as
fractions or percentages. The measurement uncertainty shall be a realistic estimate of the
uncertainty in the measured SAR of the device under test, and this will be multiplied by a
coverage factor to provide a 95 % confidence level.
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According to ISO/IEC Guide 98-3 the uncertainty is defined as the root-sum-squared of the

uncertainty contributions.

descri

bed in Annex I:

Measuring system uncertainties to be specified by the manufacturer:

MS =MM? + MN?

The following uncertainty components are defined that are

(5)

where MM and MN are the errors in the measurement system and errors in the corrections
and post-processing, respectively:

SAR N

For sy

For sy

Table

RN

CF? 4+ 1SO? + MSC? + AS® + LIN? + SL* + BE? + RE> + RT? + PP* + SE* + B>+ T2 +

MN =+ REC? + POIL? + SAV? + SAR 2

\ }7 A\
ASAR =A/MS? + PAC? + MOD? NT? #DN> DPW+AC2+MSIZ

stem validation measurement:

heasurement of a DUT:

ASAR = \MSZ+ PAC™Y MODZ +1IT W+ DH? + AC? 4+ MSIZ + DEX? 4+ OVS?

stem chec@a rement:

MBQZ + JT? + DN? + DP?+ DH? + AC? + MSF + DEX? + OVS®

lates for the uncertainty budgets of the above equation

HOM?

@

(7)

(8)

(9)

(10)
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Table 2 — Uncertainty budget template for the evaluation of the measurement
system uncertainty of the 1 g or 10 g psSAR to be carried out by the system

manufacturer (N = normal, R = rectangular)

Symbol Quantity x; (source of Reference | Prob. | Uncertainty |Divisor| u(x;) ¢ u;(») v;
Inotes uncertainty) Dist.* *q
Uncertainty in the measurement system to be specified by the manufacturer (MM)
CF Calibration 1.1.1 n
1SO Vector probe or vector probe- (1.1.2 n
array isotropy
MSC Mutual sensor coupling 1.1.3 n
AS Scattering within the array  |I.1.4 / n
LIN System linearity 1.1.5 /\\ ~ n
SL Sensitivity limit 1.1.6 \ \ n
BE Boundary Effect 11.7 \ "
RE Readout Electronics 1.1.8 \ & n
RT Response Time 1.1.9 < \ N / \ n
PP Probe Positioning 1.1.10 AN n
SE Sampling error 1.1.11 ( m \ ) n
AB Array Boundaries 1.1.12 \// /\ \ n
PS Phantom shell 11.13 AN Y n
MAT Tissue-equivalent material 1.1.14 > \\ / n
parameters
HOM | |Phantom Homogeneity 1.1.15 \ (_\ ) n
Uncertainty in corrections and ésﬁ{oc@@\t{e Med\b))he manufacturer (MN)
REC Reconstruction [\ +2{2-\ n
POL Impact of noise o 1.2. n
interpolatior a >
extrapolat@ &
S4V SAR averagin/q< I \/ n
s4rs | [SAR scaling \| 25/ n
SC $AR cgfre .'o for eWI.Z.G n
ki WA CAN
NN
MS Uncertainty (k=1)\and U= Vet
effective degreges/of freedom
*  Propability distributions and divisors are chosen to best represent available knowledge of the qupntities
concerned.

n = number of repeated measurements used in the Type A evaluation.

Some uncertainty components may be evaluated in combination with other uncertainty components.
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Table 3 — Uncertainty budget template for evaluating the uncertainty in the measured

value of 1 g SAR or 10 g SAR from a DUT (N =

normal, R = rectangular)

Symbol Quantity x; (source of Reference | Prob. | Uncertainty Divisor| u(x;) < u;(») v;
Inotes uncertainty) Dist.* *q

Measuring system uncertainties to be specified by the manufacturer

MS Measuring system Table 2 n

uncertainties to be specified
by the manufacturer

Measuring system uncertainties which are dependent on the DUT

PAC Probe or probe-array 1.3.2 n
coupling with DU

MOD Modulation response 1.3.3 ( n

N

IT Integration time 1.3.4 ,\< (\ n

DN Drift and noise 1.3.5 \ > n

DUT-rglated uncertainties related uncertainties and environmental factors /\ \ \

Dp Device positioning 1.4.2 \ n

pH | |Device holder 1.4.1 N \ > n

SD Measured SAR drift 1.4.3 / \ "

AC RF ambient conditions 1.4.4 AN \vj / \ n

MSI Measurement system 1.4.5 n
immunity/secondary reception

U Expanded uncertainty and U= off =
effective degrees of freedom (_\

* Probability distributions {o) best pepresent available knowledge of the qupntities

cdncerned.
n = nymber of repeated mea valuation.
Some yncertainty c?fﬁﬁs\nen ination with other uncertainty components.
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Table 4 — Uncertainty budget template for evaluating the uncertainty in the measured
value of 1 g SAR or 10 g SAR from a validation antenna (N = normal, R = rectangular)

Symbol
Inotes

Quantity x; (source of
uncertainty)

Prob.
Dist.*

Reference

Uncertainty

Divisor
*

q

”(xi)

"i(.V)

Measuring system uncertainties to be s

pecified by the manufacturer

MS

Measuring system
uncertainties to be specified
by the manufacturer

Table 2

Measuring system uncertainties which are dependent on the DUT

PAC Probe or probe-array 1.3.2 n
coupling with DU
MOD Modulation response 1.3.3 ( n
N
IT Integration time 1.3.4 ,\< (\ n
DN Drift and noise 1.3.5 \ > n
Validat|on antenna related uncertainties and environmental factors /\ \ \
Dp Device positioning 1.4.2 \ \ n
pH | |Device holder 1.4.1 AW > n
AC RF ambient conditions 1.4.4 / ) \ n
MSI Measurement system 1.4.5 \) n
immunity/secondary reception (\ /\
N
DEX Deviation of experimental 1.4.6 N n
antennas
ovs Other uncertainty 1.4.7 ) n
contributions when using
validation antennas (\
AN N
N
U U= =

Expanded uncertajnty an
effective degrees of fr

eff —

* Piobability dis¢ributions) and
cdncerned.

mber of repeat

ncertainty colmponen

ea

isorg%are tho best represent available knowledge of the qu

hntities

RN
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Table 5 — Uncertainty budget template for evaluating the uncertainty in the measured
value of 1 g SAR or 10 g SAR from the system check (N = normal, R = rectangular)

Symbol Quantity x; (source of Reference | Prob. | Uncertainty |Divisor| u(x;) ¢ u;(») v;

Inotes uncertainty) Dist.* *q

Measuring system uncertainties to be specified by the manufacturer

MS Measuring system Table 2 1 oo
uncertainties to be specified
by the manufacturer

Measuring system uncertainties which are dependent on the DUT

PAC Probe or probe-array 1.3.2 1 oo
coupling with DU

MOD Modulation response 1.3.3 ( 0 oo

T Integration time 1.3.4 ,\& (\S\ )

DN Drift and noise 1.3.5 \ \1\ ) o

DUT-rglated uncertainties or system check antenna related uncertainties and@n\wn}‘a\l f&s{)rs§

AC RF ambient conditions 1.4.4 /\ \ N > 1 oo

MSI Measurement system 1.4.5 \ 1 )
immunity/secondary reception /\

DEX Deviation of experimental 1.4.6 \/ 1 oo
antennas (\ /\

ors Other uncertainty 1.4.7 N \_ 1 oo
contributions when using
system check antennas |

( ~ \

U Expanded uncertainty Q U= Verr =
effective degrees of freedo /\ N

* Piobability distributio ivi Antities

cdncerned.

n = nymber of repme

Some (incertainty co opéN\s

9 M

The and |EC 62209-2 apply, as well as the reporting

requir Other clauses of this PAS.
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Annex A
(normative)

Phantom specifications

A.1  SAM phantom specifications
The justification for the SAM phantom is provided in IEC 62209-1.

A.1.1 __SAM phantom geometry

The djmensions of the SAM phantom have been derived from selected Q0" pe

centild male

head ¢lata reported by Gordon et al. [61], and are listed in Table A.1 agid & e A.1.
Table|A.2 shows other pertinent dimensions for comparison. At the ga ance ERP),
a thickness of 6 mm including the 2 mm shell is selected to mode\ the ' » ‘pinna).
This thin ear spacer also simulates users with small ears, SAR
repredentation. A system of reference points and referenge te the
devicg positioning with the phantom (Figure A.2 and Figue A mouth

referepnce point, “LE” is the left ear reference point ( ' . The
ERPs|are 15 mm posterior to the entrance to ear ¢ back-
mouth)) (Figure A.2).

&
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IEC

NOTE The dimensions in Table A.1 are used to define the SAM phantom. The dimensions in Table A.2 are
measured on the SAM phantom and compared with the ARMY data

Figure A.1 — lllustration of dimensions in Table A.1 and Table A.2
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Table A.1 — Dimensions used in deriving SAM phantom from the

— 33 -

ARMY 90th percentile male head data (Gordon et al.[61])

Ref. Anatomy Gordon report [mm)] SAM Deviation
[mm] [%]
Mean Std goth
value deviation Percentile
H15 | Bitragion Chin Arc 325,8 13,4 343,1 3293 | -4,0
H16 Bitragion Coronal Arc 353,3 12,9 369,7 367,3 -0,6
H18 Bitragion Frontal Arc 304,3 10,6 318,2 314,1 -1,3
H19 Bitragion Submandibular Arc 304,2 14,5 323,2 333,5 3,2
H20 Bitragion Subnasale Arc 292 11,1 306,3 /805\’<}\ -0,3
H60 || Head Breadth 151,7 5,4 158,6 \158,4 \C0,1
H61 Head Circumference 567,7 15,4 587,3/\ 594,8 N
H62 || Head Length 197,1 7.1 208 6.0 \Qg)
H77 || Menton-Sellion Length 121,9 6,5 @0,4 \ 125" -4,1
. N
H80 || Neck Circumference 379,6 197 /TM053 )| 3%6.4 | 25
Table A.2 — Additional SAM dimensions compared with selecte mensions froni the
ARMY 90th-percentile male head data — Specialist head
mgasurement
Ref. Anatomy \Qo\zqon port\[Tn‘m/] SAM Devjation
[mm] [pel
std 90th
value \dQv on | Percentile
H3 Bigonial Breadth  \_ \[ g > kg 129,2 130,0 0.6
H6 Bitragion Breadthl 144\,8\ 1 152,3 152,7 0,2
H10 | [chin-Back ofeady 1942 > [10,3 207,3 206,5 -0,4
H11 | [chin-Top ohgeag \ 2168 8,9 2283 2204 35
H18 Glabena-Bay\&\l-ie}d\ \/\wg/gj 7.2 208,5 209,2 03
H19 | [Glabella-Top of ead N |96,2 7.3 105,6 104,4 1,1
H30 Menta@-Tweéq \ 232,0 8.8 243,3 246,7 1,4
H36 W—h\ac»@mad\ 197 7.1 205,9 205,3 -0,3
H37 WMOW) 112 6.9 120,9 1217 0,7
H38 | |Stomioh-Back of Head 199,4 9,6 211,9 211,4 -0,2
H39 | [stémion-Top orfiead 186,3 7.8 196,3 196,3 0,0
H40 | {Subnasale-Back of Head 203,5 8,3 213,6 213,0 -0,3
H42 Subnasale-Top of Head 161,9 7,7 171,8 177,6 3,4
H43 Tragion-Back of Head 98,9 8,5 106,4 106,4 0,0
H44 Tragion-Top of Head 131 5,7 138,2 138,2 0,0
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RE ERP

ERP Ear

EEC Entrance to ear canal

reference point

Key
B Dirdction of B-M line back endpoint
F Dirdction of N-F line front endpoint
N Dirdction of N-F line neck endpoint
M Modth reference point

RE Right ear reference point (ERP)
Figure A.2 —

10 mm x 10 mm square

Key

B Line B-M back endpoint

M Line B-M front endpoint

N Line N-F neck endpoint

F Line N-F front endpoint

RE Right ear reference point (ERP)

| IEC

Figure A.3 — Side view of the phantom showing relevant markings,
dimensions are in mm

NOTE The full-head model is shown for illustration purposes only. The procedures in this PAS are derived
primarily for the phantom set-up shown in Figure A.3.
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The plane passing through the two ear reference points and M is defined as the reference
plane. The line N-F (neck-front), also called the reference pivoting line, is along the front
truncated edge of the ear. Both N-F and B-M lines shall be marked on the external phantom
shell to facilitate handset positioning. Posterior to the N-F line, the thickness of the phantom
shell with the shape of an ear is a flat surface 6 mm thick at the ERPs. Anterior to the N-F
line, the ear is truncated as illustrated in Figure A.2. The ear truncation is introduced to
preclude unstable handset positioning at the cheek.

The projection of the reference line B-M and reference line N-F shall be marked on the
phantom. Additional lines may be chosen for convenience, but the additional lines are
optional. The optional markings in Figure A.3 may be etched into the external surface of the
phantom without affecting the compliance with phantom shell thickness and dielectric

paramleter requirements.

A.1.2 SAM Phantom shell

The phantom shell with integral solid ear spacer, as specified in all be
constructed from chemical-resistant, non-hygroscopic, low-pe terial,
with re¢lative permittivity between 2 and 5; however, less than encies
up to B GHz. The loss tangent of the phantom shell shall B .{It has

permittivity pf the

been |shown that at higher frequencies, particularly
phantpm shell, has an increasing impact on SAR ry
98-3).| According to ISO/IEC Guide 98-3, the SARI|i
shell |s thin and has dielectric properties mug

inty (ISO/IEC |Guide
hell even though the
issue-equivalent medium.

Speciflically, they showed that the variation_i - not only on the frequengy, but
also gn the relative permittivity of thexshel\ an i hbetween the antenna and the
materjal. It was recommended that the effects all be taken into account|in the
highell frequency range. Therefore, uncertainty 3 iQn shall be conducted above B GHz

according to Annex 1.1.13. |l shall have a tolerance of lesp than
+0,2 mm with respect to a within the projection of the hahdset,
the shell thickness sh . The \phantom shell shall be made of materials
resistiye to compound : ssUe<eqUivalent media (e.g., those listed in Apnex |
of IEQ 62209-1: preserve the £0,2 mm tolerances. For non-¢ritical
areas) i.e., the i ining the” nose, as shown in Figure A.5, the thigkness
tolerance is allowe A

The C

NOTE groups
having hd right
halves Ider of

http://w|
1)  safn_Ift_in ‘e~

2) sain_lftlout _6_11.igs
3) saf xtvin_6_11.igs

4) sam_rt_out_6_11.igs
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Dimensions in millimetres

A1.3

The phanto ok i a homogeneous tissue-equivalent medium. The dielectric
parametegrs af i

If the yector antom
shall be an-open tc¢ allow
the scanning system to move the probe. The sagittally-bisected phantom is recommended for
devicgs\having the peak spatial-average SAR near the ear (see Figure A.5). Other phpntom

orientations may be used if the peak spatial-average SAR is in another region of the head.
Different phantom orientations may also be necessary for enabling probe access to certain
regions of the SAM phantom for SAR measurement. For single probe systems, the orientation
of the phantom should be chosen to minimize the measurement uncertainties (e.g., from
probe isotropy and boundary effects). If the vector measurement-based system is an array
system with fixed sensor locations, the phantom can be a closed container and the tissue-
equivalent medium can be either solid or liquid. The orientation of the SAM phantom is
irrelevant if a closed container is used.

To minimize reflections within the phantom, the depth of the homogeneous medium should be
chosen such that the effect of reflections on peak spatial-average SAR is less than 1 %. If the
effect of reflections on peak spatial-average SAR is more than 1 % but less than 3 %, the
maximum uncertainty shall be added to the uncertainty budget.
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For hermetic phantoms, the presence of air voids beneath the measurement surface will result
in large measurement. Great care must be taken when designing and filling the phantoms to
avoid this situation occurring.

Dimensions in millimetres

k.
3
2
¥ |
|
Figurg A.5 illustrates a sagittally bisected phantom withex imetef, used for [single
probe|systems (shown placed on its side as used for _dew ; . Other phpntom
orientations may be used if the peak spatial-averag Jis i r’region of the h¢ad or
to eng bIe probe access to certaln reglns of t AM™ p Qr SAR measurement. The

A.2

The s

that igli

Any fl
the sy
with le
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0,6 4,

! TN £0 4 1 L g e 4l 1 o H
diftd a widtdm Ol U, 5 /Lo, WIITTT /LO IS TS WdaVvVCTITTTYUuT 11T alr.

between 800 MHz and 6 GHz, the phantom side that makes contact with the DUT may

have any shape that encompasses an ellipse with a length of 225 mm and a wi
150 mm.

dth of
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Dimensions in millimetres

Y 20402
600 +5 1

A
A 4

IEC

The phantom shall be filled with tissye=si ) ium meeting the requirements o¢f this
PAS. [To minimize reflections within ~ depth of the homogeneous medium
should be at least 15 cm. v cm can be used if it is demongdtrated
(e.g., using numerical sim peflections on peak spatial-average SAR
is lesg than 1 %. € spatial-average SAR is more thap 1 %,
detailgd evaluation of shall be documented and added {o the

uncerfainty budgef\The ' » made of low-loss and low-permittivity material,
having a loss ta .

23
The thickres he | of the flat phantom shall be 2,0 mm with a tolerance of
+ 0,2 MM
Effect to deviations of phantom shell parameters and thickness shgll be

5
included in~the uncertainty estimation.

The [.J IdIItUIII bilU“ Illdtclidi bild” IUb' IUbIbldlll I.U Uallldgc Ul chl.aLIUII WI“I tibbuc-cqui alent
medium chemicals used in it.

A.3 Specific phantoms

Other specific phantoms are applicable as described in the draft unified standard of
IEC 62209-1 and IEC 62209-2. The Uniphantom is one of the instances of those phantoms;
and its shape is different from that described earlier. The same requirements regarding the
shell material, mechanical tolerance and tissue-equivalent media apply according to the
requirements for single probe or array systems.
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A.4 Tissue-equivalent medium

Table A.3 shows the target relative permittivity and conductivity of the tissue-equivalent
medium. The justification for the parameters is provided in |IEC 62209-1. For dielectric
properties of the tissue-equivalent medium at other frequencies within the frequency range, a
linear interpolation method shall be used. Examples of recipes for liquids having parameters
as defined in Table A.3 are given in Annex | of IEC 62209-1:2016. This measurement can be
performed using the equipment and procedures described in Annex J of IEC 62209-1:2016.

Table A.3 — Dielectric properties of the tissue-equivalent medium

Frequency Relative permlttIVIty 8', (.onducthlty c
(MHz) [ S
30 55,0 /\\ 875

150 52,3 NN
300 45,3 N\ BN

450 43,5 SN\ Nosg

750 41,9 4 \\\\ 1,89

835 41,5 \ V0,90

900 ns () K N 097

1 450 40/\5(\\// NN 1,20

1500 < w0e ( XN 1,23

1640 N \Qsi X 1,31

1750

(
1800 N 1,40
1900 \ { 2070 \\/ 1,40
2000 | (OO 200/ 1,40

210N\, > 9.8 1,49

2300/ AN\ N 7395 1,67

2 450/\\ \z/\ 39,2 1,80

2 605\

G oo\ (N 38,5 2,40
/N300y, W\ 37,9 2,91
SN

37,4 3,43
4\59{ B 36,8 3,94
5 000 36,2 4,45
5 200 36,0 4,66
5 400 35,8 4,86
5 600 35,5 5,07
5 800 35,3 5,27
6 000 35,1 5,48

NOTE For convenience, permittivity and conductivity values at those frequencies which are not part of the
original data provided by Drossos et al. or the extension to 5 800 MHz are provided (i.e., the values shown in
italics). These values were linearly interpolated between the values in this table that are immediately above and
below these values, except the values at 6 000 MHz that were linearly extrapolated from the values at
3 000 MHz and 5 800 MHz.
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Annex B
(normative)

Calibration and characterization of dosimetric probes

Introduction

SAR is proportional to |E|2. The SAR in a human phantom can therefore be determined either
by directly measuring the magnitude of the electric field in the volume of the phantom as
defined in IEC 62209-1 and IEC 62209-2 or by measuring the electric or magnetic field at

suffici

reconsgtructing the SAR at other locations in the phantom. There are (seve

achie

PAS dovers all methods that are based on reconstruction of the SAR
measyrement points. The precision and traceability of the calibxatio
accuracy of the SAR measurement method.
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Table B.1 — Uncertainty analysis of single-probe calibration in waveguide

a b c u; = (alb) % (c)
. - Standard
. Uncertainty Probability . .
Uncertainty component + 9 distribution Divisor < uncirz/alnty v;
T /0

Incident or forward power 1 L
Reflected power 1 0
Liquid conductivity 1 w
measurement
Liquidrpermthvity 7 -
measyrement /\
Liquid| conductivity deviation 1 ~ w

Liquid| permittivity deviation 1/\ \ 1
Frequgncy deviation 1 \/ w0
Field homogeneity Q 1 \ > o
Field-probe positioning 1 \\ \ 0

Field-probe linearity 0

Modullgtion ) L

:mseh' d standard }\g \(\<\/<<\) >
Comtined stander )

NOTE| Column headings a, b, ¢ are for refere X

B.2.2

Trans ce) to
excite| an induc i : . The
field generated b a ik nt for
a givejn antenna inp4y ' : Id. An

examy has to
calibrate a probe-g ations
of the i 5ing a

single d in a
waveduid e of a
phase rence

fields.
which

probe
Each C
shall e taken into account.

For ensuring an accurate transfer calibration, it is recommended to minimize the deviations
between conditions used during the probe or probe-array calibration and conditions used for
measurement of the reference fields with the reference probe. For example, the phantom
geometry, dielectric parameters, temperature and sensor locations shall be as close as
possible.

For calibration of array systems, lower overall uncertainty may be achieved if the sensors are
calibrated in-situ within the array. This is because removing the sensor from the array for
calibration will introduce additional measurement uncertainties due to mutual coupling of the
sensors in the array, the mechanical support structure and boundary errors.

Transfer calibration introduces additional uncertainties compared to calibration in analytical
fields. The predominant uncertainty contribution is typically the determination of the antenna
target value. Other uncertainty contributions include the sensor search, sensor coupling and
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phantom shape. When performing an uncertainty analysis of a transfer calibration of an array
system, at least the parameters included in Table B.2 shall be considered.

Table B.2 — Uncertainty analysis of transfer calibration of array systems

a b c u; = (alb) % (c)
. Standard
. Uncertainty Probability - ]
Uncertainty component + o distribution Divisor < uncirz/amty v;
T /0

Calibration instrumentation

Incident or forward power or

transmission coefficient L
measyrement accuracy (\
Refleqted power or reflection

coeffigient measurement /\ “ w

Noise

Phantom

N
Liquid| conductivity -
measyrement

Liquid| permittivity
measyrement m

Liquid| conductivity deviation (\ \// /\\J =

Liquid| permittivity deviation < < ° ( K
Phantpm shell shape and > \_/

dielecfric properties
Appli atioﬁ_?f\{ef%}e\fi/ads
Transfer calibration antenna \(\ \)
target|value or reference field L
\( (@AN

measyrement [\
Transfier calibration antenna w
positign

/\ ~ Probe or probe-array

Sensg

Positi
the pr
within

Modul

Lineatity

RN
Noise \/ L

Comblined standard RSS
uncerfainty

NOTE 1 Column headings a, b, c are for reference.

NOTE 2 Some of the lines may be doubled to take into account the impact of magnitude and phase on the
measurement uncertainty.

B.2.3 Amplitude and phase calibration using numerical reference

This procedure is similar as above (B.2.2) but uses reference values for amplitude and phase
of a transfer calibration antenna that had been determined by validated simulations instead by
measurements. The field is instead determined by means of numerical modelling techniques
complying with requirements from IEC/IEEE 62704-1 or IEC 62704-4. An example of such
calibration would involve the use of one or several antennas to calibrate a probe-array in a
phantom, where the target SAR or reference field at the locations of the probes in the array
inside the phantom have been evaluated by numerical simulations with a Finite Difference
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Time-Domain (FDTD) or a Finite Element Method (FEM) code. Such methods enable the
assessment of both amplitude and phase of all components of the electromagnetic fields.
IEC/IEEE 62704-1 and IEC 62704-4 provide details on evaluating the uncertainty of
numerically simulated fields and SAR data in phantoms. In particular, the deviation between
the physical antenna-phantom setup and the numerical model have to be carefully taken into
account in the uncertainty budget.

The differences between numerical model and physical antenna with respect to the relevant
reference values need to assess using the calibration method as described in Annex G
(Calibration of Reference Antennas). The appropriate uncertainty value covering the
maximum differences needs to be assessed.

For epsuring an accurate calibration using numerical reference, it j remmencJed to
minim|ze the deviations between conditions used during the physica -array
calibration and conditions used for the numerical calculations of ields. For
example, the phantom geometry, dielectric parameters and sensor as| close
as pogsible.

For cqli rs are
calibr ay for
calibr of the
sensof ¢ 2 refore
calibration of the whole array against a numericahre , iQration

of individual sensors against an analytje

Calibrption using numerical fl uncertainties comparpd to
calibration in analytical fields. The predomina alnty contributions are typically the
determination of the transfer callbrat'on t value or reference field, arnd the
deviat ysi etup and its numerical model. |Other
uncerfainty contrlbutlons i 2 5eN sensor coupling and phantom ghape.
When i i he calibration of an array system using numerical
refere included tq_Table B.3 shall be considered.
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Table B.3 — Uncertainty analysis of transfer calibration of array systems

a b c u; = (alb) % (c)

. - Standard
Uncertainty | Probability Divisor| ¢ uncertainty v

Uncertainty component + o distribution ; o
T /0

Calibration instrumentation

Incident or forward power or transmission
coefficient measurement accuracy

Reflected power or reflection coefficient
measurement

Noise /\

Phantgm /\\

Liquid ¢onductivity measurement /\

Liquid permittivity measurement

Liquid ¢onductivity deviation Q \

Liquid permittivity deviation

Phantom shell shape and dielectric
properties

\
Applichation of reference fields \ j / \

A\
Referepce antenna target value or \ N \) 4

referenice field — numerical modelling < j B
uncertdinties supposing perfect source

model

Deviatipn between physical antenna and

numerifal reference antenna

Probe pr probe-array [\ N\

Ok
Referepce antenna position < \‘( \) \) bo
AN

Sensor{ mutual coupli/n& k \

Positiop of the probWob -array@n X
the calfbration setup /\ R

Modulgtion /\ bo

Linearity

\
Noise N AN ) o

Combi ne(st)n{é&d e;tair}\y RSS

Mc are for reference.

NOTE R Someg of theNjrfes may be doubled to take into account the impact of magnitude and phase |on the
measufement_uncertainty.

NOTE Colu %adin
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Annex C
(informative)

Field Reconstruction Techniques

Introduction

Vector measurement-based systems and protocols use field reconstruction methods, allowing
the application of indirect measurement approaches in which the SAR is evaluated in three
dimensions from a limited number of measurement points that may be located in a limited part

of the[volume of interest, or even outside this volume.
The fq in the
releva egion.
The o and C.3,
respe
The rg
C.2
The d is to
detern br that
purpo om is
requir ximity
to thsg 2 : modes that decay rapidly |n the
phantpm. As only a limited n i S peasured, the 3D SAR distribution|in the
relevaint regions mustybe xeco gs€é measurements. Robot-based scanning
systems measure a de i o _ihterpolating and extrapolating over a short
distance to obtaip~the ctor measurement-based systems do not yield
such flense me dvanced reconstruction methods are requifed to
obtain[the 3D SARAjstK ent reliability and accuracy.
C.3
Field technjques that are suitable for vector measurement-based SAR systems
can b¢ de he wegll-established theory of electromagnetic near-field measurements,
especjally pfapar.2D\scarining based techniques. The principle relies on the measurement of
the sgmpled ‘distributions of the E-field and/or H-field over a 2D grid located in a sourde-free
region|, as depicted™Figure C.1. In a general sense, the electric-field reconstruction,|at an
obseryation point of coordinates rir,8.¢), from the measured field over the scan surfacg S 5at
(', 8", ¢") can be represented by the integral transform

E(r)=j (A Dl )E() (C.1)

where
E(r)
E(r)

is the 3D electric vector field
is the 2D field over the scan surface S

D(r,r") is the integral kernel
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reconstruction surface L. ) =4

0 “"714“"*
\ ™ }-_”f{“\-ﬂ 1 Measurement point
AN

DUT

\
=

IEQ

Numefous field expansion techniques aNow the D electromagnetic field|in the
phantom volume from the sampled 2D Afi . ance, the electromagnetic field dan be
expanded in terms of Green’s functiong NE'S in general, in terms of orthogdnal or
non-ofthogonal basis-functions. i i formulations exist that requine the
repregentation of at leastqwo’¢ YalNfi nts on the 2D scan area. For example,
(i) tanpential E-field orpdua S i ponent and its normal derivative, of (iii) a

mixture of E and H co

Hertzipn dipole, do\no
based| SAR s ‘@v is

uncerfainty.

electromagnetic field probes, such as the
ibration of the probes of the vector measurgment-
e achievement of reasonable measurgment

Tissue-equivalent
liquid

IEC
Figure C.2 — Generic configuration of SAR measurement system

Some particular assumptions might hold for the application of the 2D near-field measurement
techniques to multiple-probe SAR systems, in which the probes are immersed within the
tissue-equivalent medium enclosed in mannequins. The high dielectric contrast between the
air (the source region) and the simulating liquid (the measurement region) gives rise to a
spatially confined radiation, which is mainly in the direction orthogonal to the surface of the
air-medium interface. Also, the large dissipation of the tissue-equivalent medium leads to
negligible internal resonances and scattered fields by the boundaries. These hypotheses
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allow the tissue-equivalent liquid region to be considered as an open homogeneous medium,
where the field reconstruction is only valid within the inner region as depicted in Figure C.2.

Reconstruction is feasible as the SAR distribution is constrained by Maxwell's equations
(which in source-free homogeneous medium reduces to the Helmholtz equation [75]). It is well
known, that this physical constraint allows the reconstruction of the full field from, e.g.,
complete knowledge of the field on an enclosing surface (Huygens’ principle of expansion into
spherical waves [47]), or complete knowledge of the field on an infinite plane (plane wave
expansion [75]).

It should be pomted out that preC|se phase |nformat|on of the electrlc field components is not
neces
only r=qurred where measured field components need to be propagate an electrically
large dlistance to the location of the averaging volume.

C.4 | Reconstruction Techniques

Cc.41 Expansion Techniques

Fast @array SAR measurement systems perform discrete~samp gub-regi urface
within| the phantom. i i ici lense d the d\ strength outsige the
measyrable exposure area is sufficiently Iow recq 56 ely by

expangion techniques. Most commonly, S| i ige of
at leagt two field components as well & i ither be
obtainled directly through phase measure nents.

As an|example, the main steps of the based

on 20 planar measuremen llows:
Consi ._p IS Obfained
as:
(C.2)
Wherg ectral
variabj puted
introd
P(K.z) = g~ IV -IK) 2 (C.3)
With the propagation contant k = wug{we,e’ — jo);
T — JE.R
E(K.2)|,, = P(K.2) [ dR E(R,0)e (C.4)

The field distribution at the reconstruction distance =z is then obtained through the inverse
transform using the relation:

E(r) = [ dKE(K z) e /ER (C.5)
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Air

Tissue-equivalent medium

Reconstruction volume E(Rz=0)

— Probe array grid X,

Source

v

IEC

In pragtice, - i 8 and the spectral varigble is
discrefised. i i i 3 g field ansion in equation (C.3) and
equati i

C.4.2

Sourc i f vell studied category of approaches, are dgrived
from fhe equivalence [thegrem i s”that it is possible to find magnetic and/or
electri iStriboy 3 s that produce the same field within a region gs the
origingl source S cfrent distributions can be constructed using, e.g.,

the measured a i ic freld components and used to obtain the overal| field.
Sourc A n| es do\not necessarily require phase information [3] provided
that the relevan do 3 3 ins the source and the target fields are confined in a
sufficip -

C.43

Conce source reconstruction and expansion techniques are approaches that

perform constructive synthesis of the SAR distribution from base functions derived from| small
generic, e.g), dipole or multipole, sources and match them to a measured field distributign.

C.44 Phase Reconstruction

If measurements only provide amplitude information, phase distributions can be recovered by
approaches such as the Gerchberg-Saxton algorithm [53], which requires intensity
measurements on two planes, gradient search methods [41], or solving of the Eikonal
equation [121]. The resulting systems of equations are generally underdetermined and
nonlinear. They also require the application of additional application-specific knowledge.

C.4.5 Other Approaches

Reconstruction approaches are not limited to the above-mentioned principal and currently
most established methods. For some combinations of measurement and reconstruction
approaches the reconstruction problem is in itself underdetermined and requires additional
application-specific knowledge (e.g., spatial limits of the source, distance between source and
phantom, etc.) and/or constrained optimization to obtain unique solutions.
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C.5
the phantom

— 49 —

Source reconstruction and SAR estimation from fields measured outside

The general formulation of the source reconstruction techniques enables the determination of
a distribution of equivalent electric and magnetic currents on a closed surface surrounding the
original source. This distribution radiates the same fields outside the reconstruction region
[153] to [155]. In the case of a source device outside a phantom, the equivalent current
distribution of the source can therefore be determined from the radiated fields measured
outside the phantom by a single probe or multi-probe measurement system using standard
antenna measurements techniques as shown in Figure C.4 [156]. This concept can be used to
determine the fields induced in a body/head phantom and hence determine the SAR

wnh 4571 4501

distri

Probe array
or scanned
probe

/

Figure C.4 — Source R

s

o £oo on oo errad-fialda L P | L
UuTT 1TTuTIT 11T dourT TuUu 1TCTUO UULToTUT UITC

m [I\JIJ, LTYU].

priart

SAM phantom
Source device
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Annex D
(normative)

SAR measurement system verification and validation

D.1 Introduction

The goal of this Annex is to define the system check and system validation procedures that
enable users and third parties to verify system performance by applying consistent protocols:

a) S)fstem check: procedure that Uses specific antennas to verity that the performance |of the

me¢asurement system is repeatable and has not degenerated since ast calibration.
ThHe system check is performed within the manufacturer-define iications of
frgquency range and position on the phantom

b) System validation: procedure that uses specific antennas to validate sasdrement
syptem operates within the stated measurement uncertainty: atf verifigs that

th¢ accuracy is acceptable for use according to this PAS

NOITE System validation is normally performed by the system ¢ though it is defingd such
thaf it can also be performed independently by any third party? icdati a pdates can be done for
eagh hardware version and does not necessarily have to be S

D.1.1 Objectives and purpose of system che

Systen check provides a fast and reliahle met I e SAR system is operational
with o system component failure, s“In an array system, drifts or
deviatjon from target performance . A_ system check also verifieg the
measurement repeatability of the SAR\me m against calibrated system|check

a) In|the case of an open sste p i -equivalent medium is exposed to ain (e.g.,
robot-based scann ng ecK shall be performed prior to compliance tests
or|within 24 aluation and on the same SAR measurement slystem
that is used alugtion of thie handset. SAR measurements are validateld with

the flat phantom i me probe, system electronics and tissue-equivalent
medium that ar'e eck and measurements of the DUT
b) Far all other cask .O)\ seated systems with fixed arrays), system check shpll be

pefrformed befors i asurement and within seven days of any measurement|of the
on all phantoms used for the measurements, according [to the
s defined in this PAS to ensure that there are no pofential
&.g., broken sensors), performance degradation (e.g., changes in

di Iectrlc parameters) or system configuration errors (e.g., air bubbles).

The system/check is a complete 1 g or 10 g peak spatial-average SAR measurement uging a
system ‘check antenna (see D.3.1), according to the requirements of this PAS. The|same
measurement system (sensors, tissue-equivalent medium, and electronics), software version,
calibration, and measurement parameters (e.g., resolution, reconstruction parameters,
measurement time) shall be used for the system check as those used for the compliance
tests.

The system check shall be performed using the same liquid as in the compliance test and at a
chosen fixed frequency that is within £10 % or £+100 MHz of the compliance test mid-band
frequency, whichever is greater.

D.1.2 Objectives of system validation

The objective of system validation is to verify that the SAR measurement system (within its
boundaries of the specifications and corresponding uncertainty as determined in clause 8) will
not give erroneous measurement results for the measurement of the DUT. This is achieved by
testing a sufficiently large set of well-characterised antennas having target values with
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minimal uncertainty that encompasses the range of field distributions and signal types
encountered with currently available mobile communications devices.

The SAR measurement system is acceptable if the validation measurement results comply
with the criterion defined in D.4. This criterion makes use of the measurement uncertainty that
is determined in accordance with in subclause 8.2.

The general requirements for the validation tests are as follows. They shall cover the full
range of frequencies, SAR levels, signal modulations and measurement locations supported
by the phantom and within the requirements of this PAS. A relevant subset of the validation
tests may be performed for a system that supports or is used for only specific phantom(s) or
measyrement |cqui|c|l|c||ia. The bumpicic set—of SARdistributions—and—resutts—shpll be

reported according to measurement configurations defined in clause D. uated
using [the reference antennas defined in Annex F and the target valuee e D.2
and Tlable D.3. Annex F defines a minimum set of antennas tonbe use idation.
Additipnal antennas may be added to Annex F (e.g., y ik flurther
analygis shows that this set of antennas is not comprehensive~eno idati vector
measyrement-based systems.

A sysfem may be specified for being usable for a smaller range O yueqcies or for a smaller

measyrement region supported by the phantom as g . these cases, the
corregponding subset of the tests shall be perform ) £ ts that fall in this subset
of the[specified range of use.

Systemn validation is typically perfor he system manufacturer for
every i changes of the hardwpre or
softwe g de. The full set of validation tesf must
be pe . quting validation, it may be reduced if it dan be
demo strated that it is suff arran € full set would meet the acceptance
criteria (e.g., \ Y ity of the sensors is constant due to refasons
of senjsor design, then Gl ay be reduced). The rationale and proof of

reducfion shall be doc

The ¢ ) single
probe measurement system components can be assessed

s and
probe

In ger
probe
syster

D.2 | SAR'measurement setup and procedure for system check and system

validation

D.2.1 General

The reference antennas for system validation (Annex F) can also be used for system check.
The peak spatial-average SAR measured for the required test conditions shall be normalized
to target forward power at the RF input of the reference antenna according to procedures in
this clause and compared to the target SAR values.

The following clause describes the required power measurement setup for system check and
system validation. Assessment of RF forward power measurement uncertainty according to
D.2.4 is also described.
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D.2.2 Power measurement setups

Both system check and system validation procedures require accurately measured and stable
forward power at the RF input of the reference antennas.

A recommended test setup for using off-the-shelf instrumentation with a reference antenna is
shown in Figure D.1. The system includes a signal generator, an amplifier, 10 dB to 20 dB
attenuators, a directional coupler, power meter(s), two power sensors, a 50-Q-load, a
precision short, cables, connectors and adapters. An alternative setup using a single
directional coupler instead of a bidirectional coupler to establish reflected power from an S,
measurement at the input of the reference antenna may be used. When other equipment is
used, the measurement setup shall be documented by applying similar procedures

Att3
Signal LP e \
gengrator filter [ INVY]— BIdIrchon%/é(\ ler N \) : ®
—
| fwd, bwd 19 2) 3)
N
< A
3)
Att1
1) PM
Uy
9 s Load
Z s 9 @]
2) ®——:D Short termination
Reference anté 5)
3) P
IEC
ended power measurement setup
heck and system validation
The re ' [ wpopents used in the setup shown in Figure D.1 are descriped in
the fo
a) The sig gnd amplifier shall be stable (after warm-up). The forward power to
the referen na shall be at least 10 mW to avoid the influence of measurement
nojise.
NOITE VIf the signal generator can deliver 15 dBm or more, an amplifier is not necessary for the lowe[ power
SAR evaluations. Some high-power amplifiers should not be operated at a level tar below their maximum

output power level (e.g., a 100 W power amplifier operated at 250 mW output can be quite noisy).
b) A low pass filter may be placed after the amplifier to reduce the effects of harmonics and
noise from the amplifier.

NOTE For most amplifiers, this filter is typically not necessary if power stability is maintained for normal
operation during the measurement.

c) An attenuator should be placed after the amplifier, before the directional coupler, to
improve source matching and overall measurement accuracy (see manual of the specific
power meter) (caution).

NOTE 1 This also allows the amplifier to operate at its optimal condition for improving system stability.

NOTE 2 The Att3 is not necessary when the return loss of Low pass filter is better than 20 dB at the input and
output ports.
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d) A directional coupler with a coupling coefficient = 20 dB is recommended for monitoring
the forward power and adjusting the signal generator output to maintain constant forward
power. The coupler shall have a return loss = 25 dB at the input and output ports. A high-
quality coupler with respect to directivity and output matching is necessary to avoid
additional errors.

e) The power meter PM2 should have a low drift and a resolution of < 0,01 dBm, but
otherwise its accuracy has no impact on the power setting.

f) The influence of the cable between the coupler and the reference antenna shall be
evaluated as part of the uncertainty assessment.

g) The power meter PM1 and attenuator Att1 shall be of h|gh qual|ty and calibrated. The
attenua , higher
po up to
0, uency
sh

h) Td avoid linearity and range switching errors in power met ) |check
p th the
reference antenna shall be kept the same as that used during™p power
meter PM1 connected directly to the cable.

i) THe reference antenna shall be connected dirg X" in
Figure D.1. If the power meter and reference ant stems,
a |calibration grade, high-quality adapter sh the adapter is
calibrated with attenuator Att1 at the input (Igcatis

j) Tq avoid unacceptable power drift§ equipment should be allowed
to| warm-up for the duration anufacturer(s) beforg any
measurement.

D.2.3 Procedure to normalize the

The tg

a) Cannect the equip Figiwe D.2, with the power meter PM1 and attepuator
At1 conneco 5 le,/A 50 Q termination shall be connected pt the
reyerse couplegdpe

b) Aqj gnal generator until the forward power P; at PM| is at
th

c) M
Sig - Cable Att1

gene LP filter | —/y¥1—| Bidirectional coupler —n—u—(:)—lmﬂﬂj—
| fwd. bwd | Measure P;
_‘(\I_'
< ? Load
Measure Py,
IEC
Figure D.2 — Equipment setup for measurement of forward power Py,

d) Connect the equipment as shown in Figure D.3. The power meter PM1 and its attenuator
are disconnected from the end of the cable and a short is placed instead. A power meter
is connected to the reverse coupled port of the directional coupler, replacing the 50 Q
termination.

e) Adjust the power from the signal generator such that the forward coupled power at PM2 is
equal to Ps. in step c).

f) Read the shorted reverse coupled power P, at power meter PM1.
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Signal ) Alt3 - - Cable ~
generator LP filter - T — Bidirectional coupler ' L \39 @
| fwd. bwd. Short
termination
N
<
Measure P,
PM2
Measure Py,
IEC
Figlre D.3 — Equipment setup for measuring the shorted reverse Prcs
g) Cannect the equipment as shown in Figure D.4 with the re ante ted to

the end of the cable, replacing the short termination.

h) Pgsition the reference antenna at a test location on thg
in Figure D.5 and D.6

i) Adjust the power from the signal generator such that the for

equal to Py, G
Refefrence
<(> Cable anfenna

. A3
Signal
p LP filter 'diré\'gna%ou.ple/ —0—'—®—Ef ]

gengrator
W\> bwd ]

Measure P,

shown

colpled power at RM2 is

Measure Py,
IEC

quipment setup for measuring the power
he Reference antenna connected

¢asure—the™ g/and 10 g peak spatial-average SAR, SAR;q , and S4Rqiogm, pt the

phantonm test position.
l) Calculate the }s and
P, are in dBm.
m) Normalize the measured SAR by the forward power P;.
SARy, ,,
SAR1g NorRM = P (D.1)
f
SARg,
SARy o4 NoRM = P £ (D.2)
A
where
SAR1gm and SAR g m are the 1 g and 10 g peak spatial-average SAR

measured at the forward power P;.
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n)
0)

p)

SAR1g,NorM @Nd SAR10g NORM are the 1 g and 10 g peak spatial-average SAR
normalized to 1 W forward power.

Record SAR14 NorMm: S4R10g,NORM: Pr» @nd RL.

Compare the measured SAR values with the appropriate target values, as described in
D.3.2 (system check) and D.4.4 (system validation).

Check that the return loss, RL, is in accordance with the requirements of D.3.1.

D.2.4 Power measurement uncertainty

Figure D.2 describes the power measurement setup used to determine forward power (Py) at
the end of the cable. P; is measured by PM1 and related to the coupled forward power (Ps.)
measyred by PM2. Return loss of the reference antenna (S44) is determined by the power
measyrement setup shown in Figure D.3, where the shorted reverse cqupled power.(H,.s) is
measyred at the reverse power port of the directional coupler by PM1. S rence
antenna is connected to the cable as shown in Figure D.4, the reversgx 8 (IP,c) is

measyred by PM1. The uncertainty contributions for P;, P¢,, P,; and R

a)

b)

c)
d)

e)

f)

The contributors to P; are: u4(PM1), u4(cable), u4(att1),

NOITE The uncertainty of the attenuator could be excluded if boththe pov gte r ATT1
are| calibrated together

THe contributors to Ps.: no uncertainty, because fthesi S ted to

The contributor to P, P,.g are: uif
Erfor by approximation: u(F), this d with
bigirectional coupler is used (the misnt

ethod

THe mismatch error u (I'gg,
d

I,
with directional couple ak

where:
u1{PM1) is depend , Zero
drh@ib 3 Ch.
uq{cable) is - resulting from cable movement (rectapgular
U9
Uy , Zero
Ch.
I's
(D.3)

The S parameters for the directional coupler can be obtained from manufacturer
specifications, or measured with a VNA.

uq(I'gg, I'es S11) is expressed as:
2 2
W) =2 x|y || +]s4] (D.4)

is the reflection coefficient of the PM1 power sensor with attenuator attn. 1;

where
r

e
S44 is the reflection coefficient of the reference antenna.
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D.3 System check

D.3.1 System check antennas and test conditions

The antennas used for system check can be different from those required for the system
validation (see Annex F). System check antennas shall have excellent repeatability (less than
10 % variation) and therefore underpin good positioning repeatability (< 0,2 mm with respect
to distance from the shell which shall be established with a low-loss spacer and <1 mm in
tangential directions in case of the head phantoms), mechanical stability, and impedance
matching for the measurement conditions.

Syste

a) absolute targets SARqy o5 and SAR10g,cal (e. g., see Tables D.2 apd D. 3). target
va 2704-
1 ). The
ta ndard
(elg., according to Annex G). o the
requirements of this PAS shall be demonstrated.

b) THe system check shall be performed within two week tt ibrati SAR
me¢asurement system by calibration lab and all be
provided.

The system check antennas should haye_a retuy on on

the flgt and SAM head phantoms. The rett neat i ystem

validafion using a network analyzer, 3 ; i ue to
powerl reflection remains as low as d and
documented.

For sipgle probe systems n only

(e.g., lin the flat sectip 1 and

IEC 62209-2.

For afray syste@ ; - antennas for at least four frequencies (e.g., 835 MHz,

1 950 A 5 MFPz) shall be used to cover system operating frequency

range ) AR shall be measured in all flat and SAM phantoms for

at led AtioRs. anteafna locations and target values for the head arld flat
phant i anufacturer.

NOTE eqcy is \ested, the system check only needs to be performed at the specific frequency or

at two ¢ i

D.3.2

Systemn. check is a complete 1 g and/or 10 g peak spatial-average SAR measuremen}. The

measm—gmﬁ@-g—%mmm—mﬁ—w—md—mwm—m—w i check

antenna and compared to the appropriate target values. The required RF power measurement
setup and SAR normalization procedure are described in D.2.

The system check is successful if:

e the measured values are within two standard deviations of the system standard
uncertainty ug of the absolute targets SAR g .5 and SAR4pg 4> and

e the measured values are repeatable within + 10 % of the measured reference values
(SAR14 sys @and/or SAR4q ss) for that measurement system.

In case this criterion cannot be met, the reasons for failure shall be investigated and corrected
before starting DUT SAR testing in the failed frequency and phantom configuration.


https://iecnorm.com/api/?name=7161d9ec050a65842f1a125cfd3a3d69

IEC PAS 63151:2018 © IEC 2018 - 57 -

D.4 System validation

D.4.1 Requirements for system validation antennas and test conditions

Validation test conditions shall be selected based on system specifications defined by the
manufacturer as compliant with the requirements of this PAS and according to measurement
requirements for the system at the testing laboratory.

NOTE For example, if a laboratory only performs WLAN tests for body-worn devices, validation is required only
for the flat phantom in the 2,45 GHz and 5 GHz range for the subsets of tests defined below.

The validation antennas and procedure shall meet the following requirements:

System validation shall cover the range of frequencies used by th lsting.
EVery DUT test frequency shall be within £100 MHz or £10 % (whic [ ') of a
validation frequency supported by the SAR system. A typical set'o encies
for a system used in the 700 MHz to 6 000 MHz range may in MHz,
900 MHz, 1450 MHz, 1750 MHz, 1950 MHz, 2 450 MH MHz,
5 200 MHz, 5 500 MHz and 5 800 MHz.

Syistem validation shall be done for the modulation lexing
method that represent the set of signals that th both
modulations of group G1 and all modulations in each of grQup G2 and G3 shall be tested.
THe tests can be reduced to one per group if it |s de a at the
syptem provides accurate i by design. [These
modulations are based on the(re y is tested fgr the
maodulations, multiplexing schemes s the
various peak-to-average ratios, in ord e system accurately megsures
the signal

SAR distributions sha gce of
phlantoms (evanescen{ comp

SAR distributions gce of

THe measured ; vels” shall correspond to the dynamic range of the
measurep ; he range of SAR expected from wireless devices, (e.g.}
> 0,1 '

Diffe S (Ioc (Figure D.5 and Figure D.6) are chosen to ensure that vari
in| the ~ 6ns and inhomogeneity of the tissue equivalent materig

considered. X\The \locations are chosen for reliable psSAR evaluation withi
measurement region specified for the system, i.e., the manufacturer shall specif
regien.~Locations that are too close to the edges of the measurement regiorn

phlantoms (propagating
THe antenné i eqdipment used for the validation shall be an
independent set of equipnment fror these used for system calibration. Using different sets

SAR
from

ations
| are
h the
y this
may

intradlce errors and uncertainties that are unacceptable

1g and 10 g SAR targets of the reference antennas shall be determined based on
numerical assessments that are in compliance with IEC/IEEE 62704 series. The expanded

uncertainty of the SAR targets shall not exceed 20 % and more than 60 % of the ant

ennas

shall be below 10 % (k= 2). The reference antennas shall be verified by calibration
traceable to ISO/IEC 17025. The reference antennas used for system validation are

defined in Annex F.
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Table D.1 — Modulations and multiplexing methods used by radio systems

Group | No. Group Modulation| Transmission | Duplex | Example Description
denomination Type method /
Multiplexing
G1 M1 Reference non |CW n/a n/a Ccw Unmodulated carrier
modulated —
Low PAPR
M14 |Reference non |CW n/a n/a Pulse Pulse signal with a period of
modulated — 10ms and a duty cycle of 10 %
High PAPR (1ms ON — 9ms OFF)
G2 M2 High PAPR GFSK, PSK|TDMA FDD GSM EDGE-FDD (TDMA, 8PSK, TN 0)
M6 High PAPR QAM OFDM TDD WLAN IEEE 802 iFi 2.4 GHz
(DSSS/AQFDM, 54 Mbps)
M5  |High PAPR  |QAM OFDM TDD  |WLAN @,%%3 1@\&5\ 2
ps
M10 |High PAPR 64-QAM SC-FDMA TDD LTE-T%Z\ ?E\Tm ANVRE, 1.4
M8 |High PAPR  [64-QAM  |SC-FDMA TDD  |LFE DB\ DD (SC-FDMA, 100 RB,
10 , 64-QAM)
G3 M4 |Low PAPR  |QAM OFDM D WDANSC|IEEE 02\r/a/h WiFi 5 GHz
) &D 6 Mbps)
M9 Low PAPR 16-QAM SC- FDMA D\Q/ r(_T DDNLTE-FDD (SC-FDMA, 1 RH,
MHz, 16-QAM)
M7  |Low PAPR QPSK F D TE-FDD [LTE-FDD (SC-FDMA, 100 RB,
20 MHz, QPSK)
M3  |Low PAPR GFSK D Bluetooth |IEEE 802.15.1 Bluetooth ({5FSK,
DH1)
M12 |Low PAPR QPSK \) TD WLAN IEEE 802.11b WiFi 2.4 GHz
N (DSSS, 11 Mbps)
M13 |Low PAPR , PSK MA '{:DD GSM GPRS-FDD (TDMA, GMSHK, TN
0-1-2-3)
M11 QP CDMA FDD UMTS WCDMA, 12.2 kbps RMC, |S-
2000
\>
D.4.2 system validation
The tg¢si/positions d phantoms are selected such that the projected area of g| large
wireleps device operated at the ear is covered by the test positions withjin the
measyrementrggion\Th& selected dimensions are 80 mm x 160 mm. Given that the antennas
can b¢ located-anywhere on the wireless device and that curved devices cannot be excjuded,
the aptenha“may bé& in close proximity to the user’s face anywhere within this area. The
maximum measurement area speC|f|ed by the system manufacturer shall be marked <|)n the
phant nTor otherwisemdicatedtotheuser:

The test positions for flat phantoms are selected such that the largest wireless device to be
tested by the system is covered by the test positions within the measurement region.
Maximum device size (maximum length L, maximum width W) shall be marked on the
phantom or otherwise indicated to the user. The validation locations shall be proportionally
scaled to the maximum device size within the measurement region defined in Figure D.5.

The selected test positions for the flat and head phantoms are defined in the following:

D.5 whereby the 0 degree orientation is defined as parallel to the D1-A1 line.

Flat phantom: the locations of positioning for the reference antennas are defined in Figure

Head phantom: the locations of positioning the reference antennas are defined in Figure

D.6a and Figure D.6b, whereby the 0 degree orientation is the mouth-ear line. The rotation
around the axis normal to the surface is defined in Figure D.7.
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L: Length of the maximum
measurement area

0,45 x L

0,25 x L

|
% |
g D2 ! A2 f\
£ | |
= 3 ~ D1 i A1 — (
©
5 g Symmetry axis ; i
== I B T e e e e I T N N\UY
w O =
(o] a X
ey
35 <
= E °
§ «}[ Cc2
Maximum
measurement area
IEC
NOTE The zero degree orientation is in th ifferent
orientafion defined in Tables D.2,to D.3. The rqtatio i p ide the
phantom.
NOTE 2 If the active measwu . Point

A0 is aligned with the centrg
Figure@ afidation locations for the flat phantom
for minim inimal L and W shall be 160 mm x 80 mm)
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NOTE 1

NOTE

~85)M0 / -19,11
G:25/-40/-12,54
60/ -22,5/-8,14
1: 120 / -35 / —43,82

EUT 80 x 60

IEC

eSpond to the projected points from the planar phone on the head.

O
Trt)ﬁﬂs co

.\%ﬁe points are illustrated here for the right head but the mirror points shall be taken for the le

Measur

t head.

1al stub

or whip antennas. Measurement location | can be omitted if the system is declared not suitable for devices with

bottom

antenna or curved surface in close proximity to this location.

Figure D.6 — System check and validation locations for the head phantom
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NOTE d (and
opposit ., the x
axis in

D.4.3

The s rence
antenpas as defined i ) S g and
10 g ¢ i i i an be
perfor been
detern 3 s and
0,3 dB PIFA. All values have been verified using the calilration

F and the difference between numerical target and the
within the combined uncertainty of the calibration procedure.

proce
calibr
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D.4.4 Validation acceptance criteria

The validation criteria have been defined to meet the objectives as defined in D.1.2, i.e., to
verify that the SAR measurement system is operating within its range of specified use and
corresponding uncertainty as determined in clause 8 will not give erroneous measurement
results for the DUT. Each single subsystem(s) or phantom (head left, head right, flat, etc.) is
validated separately.

NOTE The acceptance criteria is an adaption of ISO 3611:2010, “Geometrical product specifications (GPS) —
Dimensional measuring equipment: Micrometers for external measurements — Design and metrological
characteristics”.

All validation antennas and configurations from Table D.2 and Table D.3 h are witHin the
operaling frequency range and surface area of the measuring system (as specified-by the

manufacturer), shall be tested according to the procedure defined in Ahhe p he relative

differgnces rg 14; and rg 10 i in %, between the numerical targets SARqq ca\i MR 1log,cal,j
and the measured values, R1g,m,j and SARqgg m ) is defined as:

Titg.) D.5a)

rs,10g,j D5b)

wherepy the maximum rg; .5, and th j and all rg 404 ; shall be

determined. The maximum~permitted

enconppasses ALL of the

smallest tolerance (+O, -U)|which

Therefore, the system passes i ollowing conditions are met:

2 x ug + 15 % = +0 (D.6)

2xu, +15%
o> -1 £ =- D.7
rin > 100 400+ 2xu, +15% ~ U (B.7)

where

u s the stand System uncertainty for £ = 1 in % as determined in clause 8 and

S

15 % |s the maximurh expanded uncertainty for £ = 2 for the validation antennas as provided
nTable D.2 and D.3.

NOTE Equation (D.6) limits the degree the system over-reads, and equation (D.7) limits the degree that the
system under-reads. The 15% is the maximum target uncertainty of the validation antennas (k = 2). Because of
conservative reasons in favor for the array systems these uncertainties are considered linearly additive. If the
system uncertainty is 15%, +O = 45% and -U = -31 %.

If a system fails this validation test, the measurements corresponding to the points that failed
shall be repeated at least 10 times in order to preclude measurement outliers. Calculate the
average ug and standard deviation og; from the 10 rg; values. If ug; is greater than one,
replace rg; With ug; + 2 og;. If g is less than one, replace rg; with ug; - 2 og;.

The MPE values (+O, —U) obtained from the system validation procedure shall be reported in
all measurement certificates, together with the uncertainty estimate for the measurements
system.

NOTE This additional repetition ensures that 95 % of the values will be within the acceptance criteria and the
acceptance criteria is not failed by chance.
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Annex E
(informative)

Interlaboratory comparisons

E.1 Purpose

The purpose of the interlaboratory comparison is to compare the results from several
laboratories in order to evaluate the performance of SAR measurement systems, their
reported measurement uncertainties and measurement protocols defined in this PAS. The
principle is to use reference devices and fully validated measurement sysfiems defined |n this
PAS. The SAR assessment methodologies described in Clause 7 are used.

The measured data from all participating laboratories shall each
participating laboratory shall submit a full measurement uncertainty ide with
Clauseg 8. If the deviations in the measured data between labo i to the
measurement uncertainties (see E.5), the interlaborator) to be
succespsful. If not, all uncertainty sources shall be re-eva bns of

Clausg 8. Also, other possible sources of uncertainties ¢ \ e defined in ¢lause
8 shall be considered.

E.2 | Monitor laboratory

A monpitor laboratory shall be designated tf S bf the
reference devices (i.e., to check tha 3 owing
sectiopns) and the circulation of the devi i p onitor

If deamed necessary, ratory
periodically during E.5),
frequgncy and b

NOTE |General guideh 96].
E.3 |Phantom

The rgqtired r than
50 cm| from e.ghall be avoided. The phantom shall be irradiated using a refgrence

devicg mountedraccorgding to the test positions described in Clause 7.

E.4 | Reference devices

Reference devices are commercial wireless devices that are maintained and distributed in
accordance with ISO/IEC Guide 17043. The set of reference devices may also be extended to
include non-commercial sources. Each reference device shall have evaluated target SAR
values with associated uncertainty less than 30 % for k = 2. The designation of the supplier is
based on the agreement between the participating parties.

E.5 Power set-up

If the reference device has an accessible antenna port, the forward power to the antenna
should be measured by the monitor laboratory and each participating laboratory. The power
set-up is dependent on the precision of the output power measurement of the reference
device used for the interlaboratory comparison. Each device is checked by the participating
laboratory so that the conducted output power of each reference device is in the range of
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+ 0,3 dB of the reference value reported by the monitor laboratory. The measured output
power shall be reported to the monitor laboratory. The device battery shall be fully charged.

E.6 Interlaboratory comparison — Procedure

Measurement procedures for SAR assessment used in the interlaboratory comparison are the
same as those used for compliance testing in accordance with Clause 7. Each participating
laboratory shall provide a full test report in accordance with the requirements of Clause 9
including system check (see 7.1.2), system validation (see Annex D), tissue-equivalent media
parameters (see Clauses 6 and 7.1.1), system uncertainty data (see Clause 8), and measured
output power data (see E.5)

Resul{s of the interlaboratory comparison shall be compared to their resxk alues.
Each fesult shall fall within the combined expanded uncertainty of e and
target|value, i.e., the root-sum-squared of the expanded (k = 2) m inty and
the exjpanded (k = 2) target value uncertainty. The reports from di to be

evaluated and compared by the designated monitor laboratory.

o
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Annex F
(normative)

Validation antennas

F.A1 Introduction

The following subclauses define the antennas that shall be used for the system validation of
vector measurement-based systems, as defined in Annex D. These antennas define a
minimum set of antennas based on the criteria provided in Annex D. Antennas defined here

shall not be removed from the validation protocol, as this would comprom
system validation to test the accuracy of the vector measurement-base
additipnal antennas can be added to the list. The requirements for 3
defined in F.5.

F.2 | Standard dipole antenna

As specified in Annex D, standard dipoles well represen
be eapily specified and calibrated for the required
defined for the specific dielectric parameters and thicknfe
Table|F.1. The reference dipole shall have a/T&
frequgncy to reduce the uncertainty in
at a defined test distance. The return lqss
at the|head and/or at closer and larger ci

dipolep.
To mget this requirement s aceeptable to%-

dielecfric or metal tuning eqts at the nds of e
antenmas of Figure F. i s given in TabIe F. 1 will produ

the reference SAR

dipole (Figure F.1). The standard

valueg given in Ta bIe D. N k

followed. If d|p it ave different dimensions than tho i
Table|F.1, or if dipele ennas. are\used, at frequencies other than those listed in Table F.1,
anterinas shall be documented and independently vgrified
using procedure < S ith the methodologies described in this PAS.

ise-the ability [of the
em. 'Hoever,

Atennas are

d can
bS are
dted in
e test
antom
15 dB
gets of

v-loss
dipole
ce the SAR
Annex D is
se giyen in
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Table F.1 — Mechanical dimensions of the reference dipoles

Frequency Phantom shell L h d,

(MHz) thickness (mm) (mm) (mm)
(mm)

D300 6,3 396,0 250,0 6,35
D300 2,0 420,0 250,0 6,35
D450 6,3 270,0 166,7 6,35
D450 2,0 290,0 166,7 6,35
D750 2,0 176,0 100,0 6,35
D835 2,0 161,0 89,8 3,6
D900 2,0 149,0 83,3 ( 3,6

D1450 2.0 89,1 51,7/\& ) O\ \8\6

D1500 2,0 86,2 50,6\ \ 3,6>

D1640 2,0 79,0 (AR N\ M N\ 356

D1750 2,0 75,2 29, DN 3,6

D1800 2,0 72,0 O ) 3,6

D1900 2,0 680 B85\ 3,6
\

D1950 2.0 66,3 } / o 48,5 3,6

D2000 2,0 sws, N [ P a7, 3,6

D2100 2.0 é\o \ }95,7 3,6

D2300 2,0 /X E}S\é 32,6 3,6

D2450 2,0 k 1,5 30,4 3,6

D2600 2 A~ By 28,8 3,6
D3000 20 N 415 ) 25,0 3,6
D3500 [ N2\ 370 26,4 3,6
p3ro0 1\ » 200 N34T 26,4 3,6
D5po0 - 6000 N\ \.20 N > 206° 40,32 3,6

2 Thdgse dimensionsg’a pli ble\i@ial diameter at the balun of d, = 2,1 mm (see Figure G.1).
NOTE | The L, }/en\d dimensionsishall'be within £2 % tolerance.

The refer ipole shall be parallel to the flat surface of the phantom within a
tolerapce of * ss (see Figure F.1). This can be assured by carefully positioning the
empty| phantom and ipe reference dipole to horizontal level using a spirit level.

The numerical target values above 3 GHz cannot be universally given as for below 3 GHz due
to the greater effect from the spacer, phantom bottom and mechanical uncertainties. Thus, the
numerical target values may be different from one dipole to another. It is important that for
each dipole used for system validation a fully documented analysis is provided based on both
numerical simulations and experimental validation.
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Pt
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THT
heS
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Dimensions in millimetres

Standard semi-rigid
coaxial cable

Codg

PANNARANY !
AN

W2

SAARARULRRY

LTI

IEC

SMA
Key
L | ength of the dipole
d, Diameter of the dipole
d, Diameter of the coaxial cable at the balun
h Length of the balun choke section

PTFE  polytetrafluoroethylene

Figure F.1 — Mechanical details of the standard dipole

F.3 VPIFA

These single band antennas are designed to be placed at a wide range of locations on the
curved surface of the SAM head or on a flat phantom. The design is chosen to provide a
predominantly E-field coupling, as seen in a range of antenna structures where antenna
metallization extends beyond the ground plane. The structure is that of a PIFA antenna. The
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main resonant metallic ribbon is orthogonal to the surface of the phantom. It is short-circuited
on one side and open-ended on the side that is close to the phantom, where a capacitive
coupling is generated. The distance between the conductor and the phantom and its position
are fixed by using a plastic separator, which is part of the antenna. The device should be held
orthogonal to the surface. The SAR pattern is localized with a dominant orthogonal
component. Four frequency versions for VPIFA-750, VPIFA-835, VPIFA-1950, and VPIFA-
3700 MHz are provided. At higher frequencies, the normal components dominate for
d 22 mm. Figure F.2(a) shows the basic structure of the antenna, seen from the PCB1 side.
Figure F.2(a) shows the antenna as seen from the PCB2, here the flat mask has been
removed to easily see the integrated spacer. The critical dimensions are shown in Figure
F.2(c). Two PCB substrates are used for etching the metallic ribbon and the ground plane,
respectively and have a thickness of 0,508 mm each one. Both substrates are mechanically
separtted by an FR4 frame. One end of this frame is used to fix the antenrato a holdefr. The
antenfa is designed to be matched to a 50 Q coaxial connection. The dimensions\fo each

frequdg tively.
In ord ucture
and a onant
freque an be
adjust efore,
impro order
to me screw
positig nector
requir is. To
reduc¢ the twisting force (torque), which can bre o first
conne ector.
The f an be
remov ).

Ground plane (PCB2)

Integrated spacer

IEC

(b)
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Yeg/and 90 deg).

I@;ecommended tolerances for the 3D printed masks are + 0,10 mm.
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F.4 2-PEAK CPIFA

This antenna generates two field peaks at 2450 MHz in order to test the algorithm capable of
distinguishing two peaks. This feature is not frequency dependent and does not require tests
at different frequencies. Its geometry is similar to a large cellular phone (150 mm x 75 mm)
with thickness 10 mm. The antenna is fed by means of a semi-rigid coaxial connected to the
50 Q point of the main radiator (Figure F.4 (a)). The antenna has 4 dielectric layers, all of
them made of FR4, with a ground plane between layer 1 and layer 2. The labels for each layer
are shown in Figure F.4(b). The antenna has been designed to have similar amplitude of the
reflection coefficient in both flat and head phantoms. For this reason, a foam spacer with

thicknge mMm-—Na o—be placed between the antenna and the al _phantom hell. The

radiation mechanlsm is S|m|Iar to that of a planar mverted F antenna (PIF where aCmetallic

point has to be chosen at the right distance from the short. In the sp -peak
CPIFA, the metallic conductor or ribbon has a T-shape, with two -ended and
the th|rd one short-ended. The open-ended are bent. With the g redkis with
differgnt amplitude one of the bent segments is slightly shortexthamnthe © am shprter)
Two screws with variable position have been included. One~sc in the S peifcuit section
is used to improve the matching of the antenna, while witK the Sfxtuning\the antenrja and
compgnsating the manufacturing tolerances the secongd-sc i rough the common
part of the ribbon in the dielectric layer 2. The ribboyf has_a thickn ich has to
be copsidered, while the ground plane conductor\ has i of only 34 um. [Three
rectangular and one cross-shaped cavijties haye beer i serve as reference|when
positigning the antenna. The cross i inti i point of head phantoms.
Those| cavities cut across the four FR& layers: } ensions are shown in Figure k.4(c),
with /[= 12 mm and w; = 3 mm. The cross is fe gctangular cavities. In the|same
draW|r g the slot made in the Layer 4 tp Seri he semi-rigid coaxial is shown.[Layer

1 and|Layer 4 are identical, except that La slot for the coaxial and the hole for
the tuping screw. Layer 2 i

SMA connector and
semi-rigid coaxial

Matching screw
and short

Ground plane

Tuning screw
and box

Feedpoimt
IEC

(a)
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Layer 4

Layer 3

Layer 2

Layer 1

Ground plane
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Key

(d)

(a) full model with connecting elements

(b) exppnded view of the substrates
(c) uppfr view
(d) radipting

The details of the different components 3 (c), including relative p
of eag¢h component. The T-shaped sph 3

Figurg

Its lower side is soldered tg _the ground

part o

the matching structureshows a

F.5(b) \ ucing the tuning screw, that is also m
brass.| This mu i g, the upper side. In both cases, the diam

the sdrew is 4

tuning

2 mm for the matching screw and 5 mm

(a) Detail of the matching structure (b) Detail of the tuning structure

Figure F.5 — Tuning structure and matching structure

F.4(d).
short.
upper
ure of
Figure
de of
}ter of

or the
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Table F.4 — Thickness of substrates and planar metallization

Dielectrics Thickness (mm) PEC Thickness (mm)
Layer 1 = Layer 4 (FR4) 1,00 £ 0,10 Ground plane 0,035 £ 0,003
(negligible in simulation)
Layer 2 = Layer 3 (FR4) 4,00 £ 0,10 T-shaped radiating line 0,30 + 0,05

Table F.5 — Dielectric

properties for FR4

2 450 MHz
e, o [S/m]/
FR4 4,36 004050~ s
Table F.6 — Lengths for the different COM

Item length (mm) Ité{{ \ w ength (mm)
L, 150,00 £ 0,10 53,60 + 0,05
w, 75,00 £ 0,10 ( (}2 /  33,80%0,05
sround 87,00 £ 0,05 (\VM /DN N 6,00 £ 0,05
around 47,00 + K05 C A, 4,30 £ 0,05
L, 33,00 £ 0,10\ X o~ 2,30 £ 0,05
w, 150000 \gm 6,00 0,10
d, 57,0001 \, NV, 6,00 £ 0,10
d, MpoxooNy | NV d, 6,30 £ 0,10
d, I 6,74 £0)5Q: d 2,00 £ 0,10
AN 200000\ ) dy, 6,00 0,10
dg 009,10 dy, 6,00 £ 0,10
2NN 00% 00~ dyy 3,00 £ 0,10
| \ 12,00-4,10 Foam spacer 5,00 £ 0,25
wi< \ 3,90 £ 0,10 matching screw diameter 4,00 £ 0,05
{R\ \\ \ 47,90 £ 0,10 matching screw length 12,00 + 0,10
“wy O\ K 53,004 0,10 tuning screw diameter 4,00 £ 0,05
I > 25,00 £ 0,10 tuning screw length 5,00 £ 0,10

w, 6,00 £ 0,10

F.5 Additional antennas

The antennas defined in the previous clauses of this Annex shall be used for the system
validation. They define a minimum set of antennas to test the accuracy of the vector
measurement-based system to evaluate if the system is acceptable for measurement of DUTs
according to this PAS. Antennas cannot be removed from the system validation, as this would
compromise the ability of the system validation to evaluate the accuracy and uncertainty of
the system. However, other antennas can be added to the list.

The following are minimum requirements for any antenna added to the validation protocol.

e Justification shall be provided for the inclusion of an antenna and how its use strengthens

the validation section;
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The test configurations (e.g., frequencies, locations on the phantom, distance, rotation
angle) shall be provided;

Detailed drawings, including all dimensions and tolerances, shall be provided. CAD files of
the antennas shall be made available with sufficient detail of the construction and
parameters so that the numerical targets can be independently verified;

Target SAR values shall be provided from high-resolution numerical simulations of the
CAD file of the antenna. These shall be available for all defined test configurations on the
phantoms;

Physical antennas shall be measured using a SAR measurement system that has an
ISO/IEC 17025 accredited calibration to validate the numeric target values and generate a

Y H r'y £ 4 | N H T
Ceftrrcateortraceadtity;

Annex G shows an example of a procedure to calibrate those additiona

&



https://iecnorm.com/api/?name=7161d9ec050a65842f1a125cfd3a3d69

IEC PAS 63151:2018 © IEC 2018 - 85—

Annex G
(normative)

Calibration of Reference Antennas

G.1 Introduction

The purpose of this Annex for the calibrator of reference antennas is to define the calib

ration

procedure and calibration uncertainty of reference antennas that are used to validate the SAR
measurement system. Since this PAS includes several different measurement principles,

validation of the measurement system is important for checking the measuyrement reliabjlity of
these|systems. The use of well-characterized reference antenna whig descrijed in
AnneX F is important, since the users of these systems are not able € inethe system-
embedded parameters by themselves, e.g. evaluate the effect of sg S within
the arfay.

The tgrget SAR values of the reference antennas shall be d nty of
the tafget values should be low (typically below 0,3 dB fr Kk of the
validajion tests. A typical means of reducing the uncse is tJut e/same equipment
(tissug-equivalent liquid, dielectric spacer, powe plers) as usgd for

waveduide probe calibration. For example, it results i for determining the
input power to the reference antenna. | ipment is not used fpr the
calibration of the reference antenna, rg artab 8 onsidered. The averpge of
two measurements with a 90-degree Qtati e two measurements |would
significantly reduce the uncertainty due tg ial i f'the probe. These tests ghould
be pefformed for phantom shell materjal that is aracterized by measurements and for
which|sensitivity on SAR is determined i cases,
the fofward power and re W ild be

recorded.
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Flat phantom

SAR probe

Igr—miaNy |

calibration system —_

Antenna under test

-

an

G.2

The re
Parani
inside
opera
“calibr
within
perfor

Furthqg
imped

—‘SAM head phantom}é

SAR probe

igure G.1 — Measurement setup guide calibration of dosimetric probe,

d similar setup (same tissue-eq )Irs
Parameters o

methon

ference ante ntom.
eters to beg ¢ ¢ peak 1 g and 10 g averaged SAR values megsured
the medj « the reference antenna. This is performed at the gentral
ing freq ¢ erence antenna. These values can be considered gs the
ated >§. Additionally, they should comply with the theoretical results,
a : typically within 0,3 dB). This agreement demonstrates the dorrect
man eferentCe antenna.

rmore;. transmission, electrical delay of the reference antenna, reference antenna
ance-and return loss when positioned at the standardised calibration distances frgm the

medium shall he assessed

lossy

G.3

Reference Antenna Calibration Setup

The uncertainty of the power to the reference antenna shall be as low as possible. This
requires the use of a test set-up with bi-directional coupler, calibrated power meters. The

recom

mended set-up is shown in Figure G.2.
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Att
Signal LP s .
generator —  filter __VWV}—| Bidirectional coupler _._._@
) a— —
| fwd. bwd.
o e
< <

-_—

The ¢
cable

refere

Powerl

is disq
see Fi

G4

G.41

The fg
(vecto]
Trans
S44 with the feed poinshorted or by other techniques) and return loss when positioned
the phantom.

IEC

to the
check
n of a

rs the
cable
setup

h VNA
nents:
i from
under

G.4.2

The reference antenna shall be placed below the flat or SAM head phantom at the d

efined

distance and position. The phantom shall be filled with tissue simulating medium with
appropriate parameters (TSL parameters shall be measured within 24 hours of the

calibration).

The following requirements of the phantom shall be observed in order to reduce the

measurement uncertainty:

a) The thickness shall be 2,00 mm + 0,05 mm at the location of the antenna. Calibrated
instrumentation suitable for measuring directly at the phantom having an accuracy of

better than 0,05 mm shall be used to determine the thickness.

b) The dielectric parameters of the shell material shall comply with the nominal targets

between 3,0 and 3,5.
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The dielectric parameters of the liquid shall be measured with an uncertainty of less 2 %
and a deviation from the targets within £3 %.

The liquid temperature during SAR measurements shall be within £1 °C of the liquid
temperature during dielectric parameter measurements. Preferably the same liquid as for
the probe calibration are used.

The measurement system selected shall be appropriate for the reference antenna under test;
including choice of 1) dosimetric probe with valid calibration parameters for the calibration
frequency, calibrated electronics, and medium parameters and 2) the power setup including
calibrated power meters, couplers and attenuators. Preferably, the same power antenna,
coupler and power meter as during the calibration of the probe is used.

The measurement protocol shall include the following procedures desgeribpd in

IEC 62209-2:

a) Pqwer reference;

b) Arpa Scan with appropriate grid settings;

c) Zdom Scan with appropriate grid settings;

d) Pqwer drift.

Verify|the measurement setup using the measuremgént g ificati antom

locatign, alignment of the probe).

Conne rence

When

G.4.3 Uncertainty

Each pomponent in the

frequgncy band rtainty

contriputions and pbtain
Annex
th an
of the

. power

Att1),
rence
of the
rence

antenna, arising from the uncertamty of the reference antenna reflectlon factor.

The probe calibration uncertainty can be lowered if the same power measurement setup is
used for reference antenna calibration as for probe calibration.

The dielectric parameters and the temperature shall be measured before the first
measurement and last measurements. The deviation shall be as small as achievable;
typically <£0,2 °C in a controlled environment and not more than +3 % from the target
value.

The axial isotropy tolerance accounts for probe rotation around its axis. For the calibration
of reference antennas, axial isotropy error of a dosimetric probe shall not exceed +0,1 dB.

The hemispherical isotropy error includes all probe orientations and field polarizations. For
the calibration of reference antennas, hemispherical isotropy error of a dosimetric probe
shall not exceed +0,3 dB (preferably much smaller).
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— Linearity error of the dosimetric probe is determined as the maximum deviation of the
measured and actual field strength. For reference antenna calibration, the input power to
the antenna shall be chosen to be well above the noise level of the probe (i.e.,
S/N: > 20 dB) and for minimal linearity error (typically < 0,05 dB).

— Sufficient power shall be used to feed the reference antennas, typically at 0,5 W to 1 W,
such that the detection limit error becomes negligible.

— The probe boundary effect is an enhanced sensitivity in the immediate vicinity of medium
boundaries, due to a capacitive coupling effect between the probe and the medium
boundary at the medium and phantom shell surfaces. As probe calibration procedure
includes also boundary-effect compensation parameters remaining error is reduced to
1 %.

— Redgadout electronics uncertainty is as stated on the corresponding calib

certifieate.

— Rgsponse time/Integration time set to 0 (CW signal used).

— Prpbe positioner error: The absolute accuracy for short distange K i sends on
the¢ robot but can be considerably better than 0,1 mm and ca c imated as
nofmally distributed. A typical number of points in a Zoog [ Encies
belJow 3 GHz and 448 points for frequencies above 3 GHz. )¢ bss of
the position error can be used to calculate the uncertaidty.

— Prpbe positioning error: The surface detection sha v i than
0,2 mm. As the surface is detected for each z-grid-lipe § bf grid
lines is 47 for frequencies below 3 GHz g ¢ i ), the
ungertainty can be reduced as the distance jig

— Extrapolation/interpolation: the maximun e scan
shifts and probe types shall be determined i

— The antenna to medium distance tolerance c ennas
haje well defined (low Igss) i Lrface

of the antenna and the

— RH ambient can be fi as calibie ith no
external disturbance

— Phiantom un@n
— Mgdium con

IEC 62209-2.

are evaluated as per I|EC 62209-1 and
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Table G.1 — Example uncertainty budget for reference antenna (DIPOLE)
calibration for 1g and 10g averaged SAR (750 MHz — 3 GHz)

Uncertainty Description Uncert. | Probab. | div | ¢' | Std. | Std. ¢, Std. Zor
value +% distr. unc. unc. unc. Vet

(19) | (1g) | (1g) | (10g) | (109)

Incident power: 1,4 1,4

Power reference of 50 MHz

antenna 0,5 N 2 1 0,3

Sensor calibration factor at TmW 0,7 N 2 1 0,4

Sensor linearity at 50 MHz 0,4 R 1,73 1 0,2

Mismafch sensor & reference attn. 0,3 U 1,41 1 0,2

Mismafch reference attn. & coupler 0,3 U 1,41 1 0,2 \ L~

S,, of reference attn. 2,3 N 2 1 1,2 /\ \

Antennp power: \8\ \l\S/

Mismafich antenna & coupler 2,0 U 1,41 1 1, \ >

Cable 4ttenuation variation 1,2 R 173 1N N \

Couplef uncertainty (S, ,) 1.1 u 1,41 /1\\0\{ N \ 4

Net poyer uncertainty 0,2 N 2( m N >

Measufement System Related: /\\// /\

Probe galibration 3.4 N LN (e 1 3,4

Axial igotropy 1,6 R 173N/ | o9 1 0,9

Hemisgherical isotropy 73 R Y3 \ 0,0 0 0,0

Linearify 1,2 ® | tra N 0,7 1 0,7

Detectipn limit 0,0 R\) W 1 0,0 1 0,0

Bounddry effect [\& ‘(1 R j‘i/ 1 06 | 1 0,6

Readolt electronics N 0.3 N 1] 0.3 1 0.3

Respofjse time (CW\/ & 0 ] [1,73] 1 0,0 1 0,0

Integrafion time (CW) A< B R 1,73 | 1 0,0 1 0,0

Probe positioner '\ ooz /| R 173 001 | 1 | oot

Probe positionig§ .\ . 0.4 R 1,73 | 1 0,2 1 0,2

Extrap |at/im@t§{po|g\ti%\ \ 1,0 R 1,73 1 0,6 1 0,6

Antennp a\nd\ph%t}){\n E\I}ied: >

Distange antenrNdium 1,0 R 1,73 1 0,6 1 0,6

RF ambient condition 3,0 R 1,73 1 0,0 1 0,0

Phantom uncertainty 2,0 R 1,73 1 1,2 1 1,2

Temp, unc — Conductivity 1,7 R 1,73 10,78 0,8 0,71 0,7

Medium conductivity (mea.) 2,0 N 1,73 | 0,78 1,6 0,71 1,4

Temp. unc — Permittivity 0,2 R 1,73 10,23 0,0 0,26 0,0

Medium permittivity (mea.) 2,0 N 1,73 | 0,23 0,5 0,26 0,5

Combined Standard Uncertainty +4,9 +4,8

Expanded Standard Uncertainty (k=2) +9,7 +9,6

1 ¢, is the sensitivity coefficient

2

of effective freedom in combined uncertainty u (x;), used to obtain ttp(veﬁ), respectively.

v, or v are the degrees of freedom in the standard uncertainty u(x;) for the input estimate (x;); and the degree
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Table G.2 — Example uncertainty budget for reference antenna
calibration (PIFA) for 1 g and 10 g averaged SAR (750 MHz — 3 GHz)

Uncertainty Description Uncert. | Probab. | div | ¢' | Std. | Std. ¢, Std. |vZor
value +% distr. unc. unc. unc. Vet

(19) | (1g9) | (19) | (109) | (10g)

Incident power: 1,4 1,4

Power reference of 50 MHz

antenna 0,5 N 2 1 0,3

Sensor calibration factor at 1 mW 0,7 N 2 1 0,4

Sensor linearity at 50 MHz 0,4 R 1,73 1 0,2

Mismafch sensor & reference attn. 0,3 U 1,41 1 0,2

Mismafch reference attn. & coupler 0,3 U 1,41 1 0,2 \ L~

S,, of reference attn. 2,3 N 2 1 1,2 /\ \

Antennp power: \8\ \l\S/

Mismafich antenna & coupler 2,0 U 1,41 1 1, \ >

Cable 4ttenuation variation 1,2 R 173 1N N \

Couplef uncertainty (S, ,) 1.1 u 1,41 /1\\0\{ N \ 4

Net poyer uncertainty 0,2 N 2( m N >

Measufement System Related: /\\// /\

Probe galibration 3.4 N LN (e 1 3,4

Axial igotropy 1,6 R 1730 /| 06 | 07 0,6

Hemisgherical isotropy 73 R Y3 \o,( 20 | 07 | 29

Linearify 1,2 ® | tra N 0,7 1 0,7

Detectipn limit 0,0 R\) W 1 0,0 1 0,0

Bounddry effect [\& (1 R j‘i/ 1 06 | 1 0,6

Readolt electronics N 0.3 N 1] 0.3 1 0.3

Respoifse time (CW\/ & 0 ] [1,73] 1 0,0 1 0,0

Integrafion time (CW) A< B R 1,73 | 1 0,0 1 0,0

Probe positioner '\ ooz /| R 173 001 | 1 | oot

Probe positionig§ .\ . 0.4 R 1,73 | 1 0,2 1 0,2

Extrap |at/im@t§{polg\ti%\ \ 5.0 R 1,73 1 2,9 1 2,9

Antennp a\ns\p\hw %\I}fe\d: >

Distande antennd>medium\ 1,0 R 1,73 | 1 0.6 1 0.6

RF ambient condition 3,0 R 1,73 1 0,0 1 0,0

Phantom uncertainty 2,0 R 1,73 1 1,2 1 1,2

Temp. unc — Conductivity 1,7 R 1,73 10,78 0,8 0,71 0,7

Medium conductivity (mea.) 2,0 N 1,73 | 0,78 1,6 0,71 1,4

Temp. unc — Permittivity 0,2 R 1,73 10,23 0,0 0,26 0,0

Medium permittivity (mea.) 2,0 N 1,73 | 0,23 0.5 0.26 0.5

Combined Standard Uncertainty + 6,3 +6,3

Expanded Standard Uncertainty (k=2) +12,7 +12,6

1 ¢, is the sensitivity coefficient.

2 v, or v . are the degrees of freedom in the standard uncertainty u(x;) for the input estimate (x;); and the degree

of effective freedom in combined uncertainty u (x;), used to obtain ttp(veﬁ), respectively.
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Table G.3 — Example uncertainty budget for reference antenna (DIPOLE)
calibration for 1g and 10g averaged SAR (3 — 6 GHz)

Expanded Standard Uncertainty (k=2)

Uncertainty Description Uncert. | Probab. | div | ¢' | Std. | Std. ¢, Std. Zor
value +% distr. unc. unc. unc. Vet

(19) | (19) | (19) |(10g) | (10g)

Incident power: 1,5 1,5

aPr?tvéi;a reference of 50 MHz 0.5 N ) ; 03

Sensor calibration factor at 1mW 0.8 N 2 1 0,4

Sensor linearity at 50 MHz 1,1 R 1,73 | 1 0,6

Mismatch sensor & reference attn. 0.6 U 1,41 1 0,4

Mismatch reference attn. & coupler 0,6 U 1,41 1 0,4

S,, of reference attn. 2,3 N 2 1 1,2 /\& (\

Antenna power: &30\ \{O>

Mismatch antenna & coupler 2,0 U 1,41 1 1,{ \ \

Cable ttenuation variation 2,0 R 1,73 | 1 //\1\2 \\ \

Couplef uncertainty (S, ,) 1,0 U 141 | 108 \ )

Net poyver uncertainty 0,2 N 2 N \9\1 \

Measufement System Related: /\\ ) / A

Probe ¢alibration 4,6 N /\\ 1> ({ Q) 4,6 1 4,6

Axial igotropy 1,6 ﬁ\ 1}9\ 1 / 0,9 1 0,9

Hemisgherical isotropy 7,3 — R 3 [\0 0,0 0 0,0

Linearify 1,2 (Ii\ N3 J> 0,7 1 0,7

Detectipn limit { o\ R 173 1 0,0 1 0,0

Boundary effect N “1‘0(\ \R\ 1)73 1 0,6 1 0,6

Readolit electronics L 0,3\ h\ 1 1 0,3 1 0,3

Resporse time (CV\& > z 0\0\ \R/ 1,73 | 1 0,0 1 0,0

Integrafion time (CW) \0\9\ \/ R 1,73 | 1 0,0 1 0,0

Probe positioner 0,04 ) R 1,73 1 0,02 1 0,02

Probe ositionipé\ \ 0,8 R 1,73 | 1 0,5 1 0,5

Extrap |ati9ﬂ(|r§grpo|m \ 2.0 R 1,73 ] 1 1,2 1 1,2

Antenna :

Distande antenn 2,0 1,73 | 1 1,2 1 1,2

RF ambient conditioN 3,0 1,73 | 1 0,0 1 0,0

Phantom Urigcertainty 2,0 1,73 | 1 1,2 1 1,2

Temp. unc — Conductivity 1,7 R 1,73 0,78 0,8 0,71 0,7

Medium conductivity (mea.) 2,0 N 1,73 0,78 1,6 0,71 1,4

Temp. unc — Permittivity 0,2 R 1,73 0,23 0,0 0,26 0,0

Medium permittivity (mea.) 2,0 N 1,73 10,23 0,5 0,26 0,5

Combined Standard Uncertainty £6,1 £6,0

£12,2 12,1

1 ¢, is the sensitivity coefficient

2

v, or v are the degrees of freedom in the standard uncertainty u(x;) for the input estimate (x;); and the degree
of effective freedom in combined uncertainty u (x;), used to obtain ttp(veﬁ), respectively
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Annex H
(normative)

General considerations on uncertainty estimation

H.1  Concept of uncertainty estimation

The concepts of uncertainty estimation in the measurement of the SAR from wireless devices
are based on the general rules provided by the ISO/IEC Guide 98-3. Nevertheless,
uncertainty estimation for complex measurements remains as a difficult task and requires
high-l¢vel and specialized engineering knowledge. In order to facilitate this_task, guidelines

and approximation formulas are provided in this Clause, enabling the( esti i each
indiviqual uncertainty component. The concept is designed to provide/the sy rtainty
for the entire frequency range of 30 MHz to 6 GHz and for any d ithin the
scope| of the document. Different uncertainty budgets for different\freque or| other
conditjons may be assessed as long as the user can easily cor i iops. As

an example, if a system is made of several independent secti N9 rmetic
phantpms with embedded probe-arrays, an uncertainty each
indiviqual phantom.

The u i i i i i € i ESigne k broadly appllcable to
SAR measurement systems that comp]| i Qrima vever,
some mmeasurement systems may req j i i

It is not sufficient to provide only Ta . Detailed documentation shjall be
provided of the estimation of each influen antky ingluding methodology, assessment of
data fpr each component, 3 aintywas derived from the data set.
Dosimletric assessme 3 utilizing-Xxector probe or vector probe-array techndlogies
falling|in the scope of|this i Jjitional considerations as compared to techmiques
coverg¢d by IEC 0 2. Po properly evaluate the uncertainty budget for
such gpproache i s have to-be taken into account:

1) Th ponents has to be assessed in amplitude and in phase,
beffore being transfe i certainty on peak spatial-average SAR.
2) Th
by

. of the uncertainty components have to be carefully revised
5.iito the processing algorithms, so that these coefficienfts will
gpendent.

geine
Techn i implementations of dosimetric assessment systems covered by this PAS as
well ap i ibration setups and procedures also differ from IEC 62209-1 and IEC 63209-2

ones. |As a_result, the list of uncertainty components and the uncertainty evaluation methods
had t¢ “be”specifically revised. The list of uncertainty components is provided in Annex G,
Annex H and Annex 1.

For systems and technologies covered by this PAS, some uncertainty components may be
correlated, so that certain combined uncertainties evaluations have to be carried out. As an
example, for a single vector probe or probe-array system, the resulting uncertainty from probe
positioning tolerance will actually depend on post-processing uncertainties. In addition, for
probe-array systems, depending on the system technology and implemented method, the
probe-array will be characterized during the calibration by either looking at each single probe
transfer function or by taking into account the complete response of the array as a whole.
Whether one or the other approach is taken will result in differences in uncertainty evaluation.
In the latter case, for instance, it may be more relevant to assess multiple uncertainty
components altogether instead of separating them.

The uncertainty assessment shall be consistent with the validation results of Annex D.
Otherwise the stated uncertainty is not valid.
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To define the procedures and requirements for a Type A and B evaluation that are consistent
with ISO/IEC Guide 98-3 is complex. Nevertheless, there is a need for fast array systems, the
performance of which must be fully understood when used for demonstrating compliance with
safety limits. In order to achieve this goal, this clause provides essential requirements and
guidance for ensuring that the uncertainty evaluation is thorough and conservative. In
addition, the approach proposed in subclause D.4 defines a series of test to evaluate the
relevance and conservativeness of the reported uncertainty budget.

Guidance for assessing the uncertainty budget is provided in Clause 8. The procedure of
validation is defined in Annex D using the antennas of Annex F.

PSS 41 PRI [t : — ! T o o
The d Eldlls TTOW UTE UTICETLAITILY TS UTLETITINIEU 15 UCSUTTDCU 1T O.9.

H.2 | Type A and Type B evaluation

Both Type A and Type B evaluations of the standard uncertaint evaluation
of un ertalnty by the statistical anaIyS|s of a ser|es of obskg 5 IS p ype A
evaluati 3 e istical
analygi .| Each
compq gdndard
deviat of the
estimg

When ing the
estimg hen a Type B analysis is

limits of the quantity in qugstion,
=(a, —a_)/2, then:

perfor
dependi

e e

o {r

is'the standard uncertainty

Ui

Predetermined standard deviations based on a larger number of repeat tests can be used to
estimate uncertainty components in cases where the system, method, configuration and
conditions, etc., are representative of the specific DUT.

H.3 Degrees of freedom and coverage factor

When the degrees of freedom are less than 30, a coverage factor of two is not the appropriate
multiplier to achieve a 95 % confidence level. A simple but only approximately correct method
is to use t in place of the coverage factor k, where t is the Student’s-t factor. Standard
deviations of t-distributions are narrower than normal (Gaussian) distributions, but the curves
approach the Gaussian shape for large numbers of degrees of freedom. The degrees of
freedom for most standard uncertainties based on Type B evaluations can be assumed to be
infinite. Then the effective degrees of freedom of the combined standard uncertainty, ug, will
most strongly depend on the degrees of freedom of the Type A contributions and their
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magnitude relative to the Type B contributions. The coverage factor (k ) for small sample
populations shall be determined by equation (H.1):

kp = tp(Veff) (H1)
where;
ko is the coverage factor for a given probability p
to(Vesr) s the t-distribution
Veff is the effective degrees of freedom estimated using the Welch-Satterthwaite
formula:
4
uC
Veff = (H.2)
i ctut
. V;

¢ is the sensitivity coefficient of each uncertainty
Vi is the number of degrees of freedom for eac

The spbscript p refers to the approximate confidence Xg., 98 % les of
tp(veff are available, for example in [116].

NOTE |As an example, assume that the combi the 1g

SAR in|Table H.1 with an assumed positioning u mber of
sampleg = oo.
From th Y IS Vg
=68, s dinty for
positiori vig = 25,
k =k S

p
H.4
The d ption,
probabili seefficient, ¢;, and uncertainty value, u(x;) of the unceftainty
compq tabular form is shown in Table H.1.
If all omponents, x;, are statistically independent, the combined stgndard
uncerlainty ths AR measurement (y) shall be estimated according to the following
formula (H.3)

u (y) = \/Zc u? (x,) (H.3)

The variable y is either the 1-gram or 10-gram peak-spatial average SAR. Therefore, the
above equation can be written specifically for the estimation of the combined standard
uncertainty for the 1-gram and 10-gram peak spatial-average SAR, Uc,1g and Uc,10g
respectively:

Uy = Zci,g -uz(xi) (H.4)
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Uciog Z\/chwg u (x) (H.5)

If there is some significant non-linearity then higher-order terms, C;, in the Taylor series
expansion used to derived the equation shall be used to calculate the combined standard
uncertainty. Further description is provided in ISO/IEC Guide 98-3. The sensitivity coefficients
Ci1g and ¢j 404 describe how the combined uncertainty for the 1-gram and 10-gram peak
spatial-average SAR vary with changes in the values of the uncertainty component x;.

If some uncertainty components are statistically dependent on others, the following general
formulashattbe appliedto catcutate the combined Standard uncertaimty:

(H.6)

uc(y):\/ZC ‘u (x)+2i ic c u(x; u(x;)rg

i=l j=i+l

In the alculdted from the

estima

above equation, r(x;, x;) is the correlation coeffig

(H.7)

In the
uncerfai

pletely correlated (i.e., r(x;, x;) = ), the

(H.8)
Furthg e 98-1
and IS
The e by a
coverage fac
The e onte-
CarloA blation

coeffigient.may not\he'needed.

H.5 ~Analytical reference functions

IEC 62209-1 and IEC 62209-2 standards describe three reference evaluation functions used
to create artificial SAR data for testing the accuracy of post-processing algorithms. These
functions are defined analytically and allow an accurate peak spatial-average SAR
calculation. These mathematical objects are however made of real values taken by the
function at the different locations in space. This is hence not enough to support the evaluation
of uncertainty contributions involving near-field reconstruction techniques. Indeed, such
approaches require field distribution inputs which satisfy Maxwell equations and verify laws of
electromagnetic field propagation within the tissue-simulating material contained in the
phantom.

In this PAS, a new form of analytical reference functions is introduced which have the
required properties. The general analytical formula for the reference complex vector electric
field distributions is defined as follows as a sum of electric dipole moments:
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80 80
E(w) = G(p)(x) =) > (VGi(x —y;))p + K*Grlx —y,;)p;;) (H.9)
i=1 j=1
where
x is a B?* vector made of spatial coordinates at which the field is observed.
G (x) = & ¥ /],
k  is the unique solution of k = wuyleeye" — ig)
Im(k) = 0 and VG, (x) = 86, (x)/8x:8x; is the Hessian matrix of &, (x].
w; is| a R® vector containing x, y and z spatial coordinates indicating of the
dipole.
p; is|the dipole moment belonging to C* space with coordinates, py
Files ¢ontaining tables of y; and p; are provided with this PAS. nes a
particlilar solution. The provided reference functions have at the
analytjcal complex electric field distribution is at a mini e sense of the I°
norm)|from numerical results obtained in FDTD-co isdi osure conditions with
flat and head phantoms meeting the requirements off thig
The rgference functions are used herg which
involve a propagation of the error through tF
Table|[H.1 shows the list of available Il the

functigns are normalized so-that the ref

kg.
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Table H.1 — Parameters of analytical reference functions and associated reference
peak 10g SAR value. Reference peak 1g SAR value is 1 W/kg for every function

Function | Frequency Antenna description Phantom and Medium Medium Reference
1D (MHz) test position relative conductivity | peak 10g
permittivity (S.m™") SAR (W/kg)
001 850 Ultra wide-band (UWB) Flat phantom — (42,234 0,892 0,570
coplanar strip-fed UWBA casing in
monopole fitting handset- |contact
like casing of 11,5cm x
74cm (called UWBA here
after) at Omm from flat
phantom
002 1800 Ultra wide-band antenna |Flat phantom — |40,451 1,3 0,472
(UWBA) UWBA casing in
contact ~
003 1900 UWBA Flat phantom — (40,287 458 00464
UWBA casing in
contact
004 2 450 UWBA Flat phantom — |39,376 8 N [0.415
UWBA casing in
contact
N
005 5500 UWBA Flat phantopf— 33,804 1857 0,269
UWBA casjng i
conta% - %
006 5800 UWBA Flayphantam — 32@58 5,555 0,263
UWBA casing in
Saptagt
007 750 VPIFA-750 Flat pha om\42,477 0,855 0,262
IFASRS0NM]at
\na in capt
008 1950 VPIF -19%\( Flatphantopt — |40,205 1,492 0,392
PIFA-1950 flat
[\ (\ mask_intontact
009 750 Validation dipdle Flat phantom — (42,477 0,855 0,638
stem
validation
A position
010 835 Validation dipale Flat phantom — (42,269 0,887 0,633
system
validation
\ position
011 b7 §Valida ion dipole Flat phantom — 40,534 1,358 0,507
system
validation
position
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Annex |
(normative)

Evaluation of the measurement system uncertainty

1.1 Measuring system uncertainties to be specified by the manufacturer

1.1.1 Calibration CF

The standard uncertainty CF for calibration of the vector system is determined by the system

calibrgtion Taboratory or manufacturer.

Example protocols for calibration of vector measurement-based ien in
Annex B. The protocols depend on each technological implep ware.
Calibrption uncertainty shall be assessed and documented by the r. The
radiating antenna used for calibration of the vector measurey ild be
traced according to national standards. The system cali i LN1CE \ should be
docunlLented and appropriate to the calibration method applied : i bs the
antenmpa uncertainty.

Depending on the system implementation, the prob va¥ be directly calibrated
together with its readout electronics or the read ay be calibrated separately.
In the|latter case, additional uncertai i nRegtion of the two block$ after
calibration shall be taken into accou AR Q \ inty for a RF probe and RF
readoyit having different impedances.

The apsessed tolerance vah i eed rtainty
for the¢ peak spatial SARCand\ filled in . 2 ion i i actual
implemented 3D reco i 1.0 steps
shall he documented.

1.1.2 Vector@y

Probe bitrary
field \ bitrary
polari single probe systems, this uncertainty component cpn be
evalu and IEC 62209-2 appropriate procedures. For systems|using
vecto ology-specific considerations have to be taken into accounf. The
manu this contribution during the calibration.

If algqrithms-are “applied to compensate for the deviation from isotropic response, then the
SAR Uncertainty shall be determined with the same evaluation hardware and softwarg as is
used flor.pérforming the SAR measurements.

To evaluate the isotropy, the SAR measurement system shall be exposed to reference fields
containing waves with varying angles of incidences with respect to the line normal to the
phantom surface. The SAR gradients in the direction normal to the phantom shell shall be low
enough that probe positioning tolerance does not significantly influence the isotropy
assessment.

The isotropy shall be characterized for at least one frequency in each frequency band of
interest.

The assessed tolerance valid at the sensor location needs to be translated to the uncertainty
for the peak spatial SAR and filled into Table 2. The translation is a function of the actual
implemented 3D reconstruction and can only be performed by the manufacturer. All steps
shall be documented.
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1.1.3 Mutual sensor coupling MSC
1.1.3.1 General

For systems using probe-arrays, coupling between the probe sensors may exist, due to
imperfect isolation of the sensors. This uncertainty term is caused by port-to-port coupling
where the readout at a given sensor port is influenced by the voltage and/or current at
another sensor port. Mutual sensor coupling may be evaluated and compensated during
calibration. However, this coupling is in principle dependent on the polarization, distribution
and angle of incidence of the impinging field and is therefore difficult to remove completely
during calibration.

The afsessed tolerance valid at the sensor location needs to be translated-ta_the ungeftainty

for the peak spatial SAR and filled into Table 2. The translation is a fu actual

implemented 3D reconstruction and can only be performed by the » steps

shall he documented.

Two methods are described below.

In order to isolate this uncertainty contribution from other co

e Thie probe or probe-array shall be immersed in ing with
the requirements of this PAS.

. ThE reference antennas used shal

e Th ion with
the probe or probe-array can be ne

e The fields shall be sufficiently aboV

1.1.3.2 es

In the|case of probe arrays wit S alibrated independently prior to assenbly or

in the|case of pr i together in its final operating condition without

compgnsation fi : \ i uated

by computing the“diff i [ i be in

isolatipn and the ; everal

antenpas with di fere t ola zatigns bs are

moved to thet itions so that each sensor is actually exposed to a field |ntuen3|ty

compagtible wi n, the

calibratio te the

vector| field o OETR . agates

and how the nncertamty

1.1.3.3 Evaluation of mutual sensor coupling for probe arrays using compensation

For probe=armrays where the probesare catibratedtogetherimits fimatoperatingcondition and

the mutual coupling between the sensors is characterized as a scattering matrix and
compensated (e.g., during the probe-array calibration), mutual coupling will be reduced.
However, the remaining mutual sensor coupling error shall be assessed. Also, the uncertainty
on the compensation is taken into account as an additional contribution to the measurement
system calibration uncertainty. It shall be documented how the error propagates and how the
uncertainty is coupled to other uncertainty terms.

1.1.4 Scattering within the array A4S
1.1.4.1 General

Scattering of the electromagnetic fields in the phantom due to the presence of the array cause
distortion of the impinging field distribution captured by the sensors. These reflections are
strongly dependent on the distribution, polarization and angle of incidence of the incident
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fields. Therefore, they cannot be fully calibrated out. This uncertainty term is correlated with
the uncertainty due to mutual coupling between the sensors.

In order to characterize this uncertainty component and minimize the influence from other
components:

e The probe or probe-array shall be immersed in tissue-simulating material complying with
the requirements of this PAS.
e The reference antennas used shall have a polarization purity of more than 10 dB.

e The reference antennas shall be far enough from the phantom so that the interaction with
the_probe or probe-array can be neglected

e Thie probe or probe-array shall be far enough from the phantom shell g ndary
effiect can be neglected.

e The fields shall be sufficiently above the noise floor.

e The incident angles of the propagating field with respect array
shpll cover 0° to 45°.

e Th ization
with respect to the array.

ReferI . The

anten A : h field

intensjty compatible with the dynamij Qf 1tk h test

conditjon, the calibration coefficients g 9 ] data

to evg ed by

compl

The agsessed tolerance i rtainty

for the peak spatial SAR s ' i ) . actual

implemented 3D reco i steps

shall he documented.
1.1.4.2 Evaluil

g for independently-calibrated probes

In the alibrated independently prior to assembly or in the case
of pr ated together in its final operating condition without
compe iof ] & scattering within the array uncertainty shall be evaluated by
compyti i \ gen the single point SAR measured using one probe in isglation
and th S X the same probe surrounded by the other probes but without the

sensir i éd. This ensures to minimize the influence of port-to-port mutual
coupli

1.1.4.3 Evaluation of array scattering for systems using compensation

For probe-arrays where the probes are calibrated together in its final operating condition and
the mutual coupling between the sensors is characterized as a scattering matrix and
compensated (e.g., during the probe-array calibration), the effect of the scattered field on the
received signal by each sensor may be evaluated from a time-domain analysis of the probe-
array response. The contribution from the scattered field shall be isolated using a time-gating
approach. The uncertainty shall then be evaluated as the maximum relative difference
between the SAR obtained using the original signals to the one obtained with time-gated
signals. If a time-filtering compensation is applied during measurements, this compensation
shall be included for the uncertainty evaluation and its uncertainty contribution characterized.

It is also possible to assess altogether the isotropy (1.1.2), sensor mutual coupling (1.1.3) and
scattering within the array (I.1.4) uncertainty components. This can be done with a setup
respecting the requirements of this sub-clause. In this case, the obtained vector field for each
measurement in conditions of the defined set is projected on the reference vector field for the
corresponding antenna and test condition. Ideally this projection shall equal the squared norm
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of the reference vector field at every point. In practice however, this projection deviates from
the squared norm by a relative residual error. The maximum relative residual error obtained
for all test conditions within a space region compatible with system dynamic range is reported
as the uncertainty for this component with a rectangular distribution.

1.1.5 System linearity LIN

The evaluation of system linearity must be performed such that all components of the system
introducing potential non-linearities are assessed. For instance, if a vector probe contains no
non-linear element but its readout electronic does, then the tests to evaluate this uncertainty
contribution shall include the readout electronics. The uncertainty term is evaluated as
described in IEC 62209-1

This gvaluation may be done either in free space or in the tissue-equiyvs ent mediom: This is
performed by a power sweep covering a local SAR in the range of\ W/kg
(rms for CW signals) in steps of 3 dB or less. The linearity ungertainty i i as the
maxinmjum deviation in the SAR vs. power characteristic from the k i aight\teference line
going [through zero (SAR = a x P, where a is the best-fit slope &f th ~ hod of
least-gquares) defined over the interval 0,12 W/kg to 100 WA

The apsessed tolerance valid at the sensor location rtainty
for th¢ peak spatial SAR and filled into Table 2. The JomN i actual
implemented 3D reconstruction and can only be\p . steps
shall he documented.

1.1.6 Sensitivity limit SL

System sensitivity limit is evaluated a cor' toxrele t clauses of IEC 62209-1 in quch a
way that the signal to n0|s i S asurement time) is at the lower pound
of the specifi e manufacturer. The sensitivity limit
uncerfainty is defined @ i helween the measured SAR and the SAR vs. power
charagteristic from th ight < ¢ line going through zero (SAR = a x|P, as
descriped in I.1.@

The agsessed tolerd S e\sensor location needs to be translated to the unceftainty
for th¢ peak spatiaNS > illed into Table 2. The translation is a function of the @ctual
implemented 3D ; pd”can only be performed by the manufacturer. All|steps
shall e docy

1.1.7

A change in.§ iti of the probe can occur when it is in close proximity to a diefectric
interfgce (i-€. Werface between the phantom and the phantom shell). This is cauded by

distorfion,of the scattered field at the probe tip by the proximity of the dielectric interface. For
a givgnphantom and probe, the magnitude of the error will depend on the separatign and
orientation of the probe with respect to the interface and also the frequency.

This effect is negligible if:

e The closest distance between the probe tip and the boundary is greater than the diameter
of the probe tip.

e The sensor or sensor array is calibrated in-situ within the phantom and remains at the
same separation and orientation with respect to the dielectric interface during subsequent
measurements.

If these conditions are not met the boundary effect shall be determined by the manufacturer
and an uncertainty term, BE, included to account for the boundary error, or residual error in
any compensation applied to correct for it.
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The assessed tolerance valid at the sensor location needs to be translated to the uncertainty
for the peak spatial SAR and filled into Table 2. The translation is a function of the actual
implemented 3D reconstruction and can only be performed by the manufacturer. All steps
shall be documented.

1.1.8 Readout electronics RE

The readout electronics are used to process the signals read by the sensors. The readout
electronics may have non-linear components (e.g., amplifiers) and may load the sensors
causing distortion. One method to determine these uncertainty components is by replacing the
probe W|th an equwalent antenna havmg the same antenna |mpedance as the probe under

i generally
gndard
g shall

then b

The apsessed tolerance valid at the sensor location needs to b rtainty
for the peak spatial SAR and filled into Table 2. The transla actual
implemented 3D reconstruction and can only be performed steps
shall e documented.

1.1.9 Response time RT

The response time uncertainty is the probe
during measurement. For systems hayj

For sy '1g the
probe . The
signal adout
electr se by
switching the RF powe s , emain
statiopary at each me \ i ast twice the assessed response time qo that
the obe signg S is negligible. Under these measurgment
conditjons, a tole g be entered in the appropriate uncertainty [table.
Otheryise, the SAR plai signal response-time uncertainty shall be assg¢ssed,

st device. In this case, the signal step-responsg time
ntage difference between the SAR measured at the chosen
measuyremen SAR measured at twice the chosen measurement timme. A

The apsesse id at the sensor location needs to be translated to the unceftainty
for the¢ peak SAR and filled into Table 2. The translation is a function of the pctual
implemented-3D ofistruction and can only be performed by the manufacturer. All|steps
shall Be documented.

1.1.10 Probe positioning PP

The mechanical restrictions of the field probe or probe-array positioner can introduce
deviations in the accuracy and repeatability of probe positioning which add to the uncertainty
of the measured SAR. The uncertainty is due to mechanical uncertainties in the sensor
location during manufacturing. The actual distance of the sensor from the phantom surface is
different from the assumed (nominal) distance, and each sensor location varies in a certain
tolerance range. The impact of these deviations cannot be assessed in the same way as for
systems covered by IEC 62209-1 and IEC 62209-2, because of the existence of multiple
probes and the potential use of phase information and field reconstruction algorithms. The
uncertainty is evaluated using a set of numerically generated vector field reference
distributions covering the performance requirements of Annex D (e.g., generated using the
formulation in Annex H.5). The procedure is as follows:
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