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4)

9)

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 -

Part 1: Devices used next to the ear
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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.

International Standard IEC 62209-1 has been prepared by IEC technical committee 106:
Methods for the assessment of electric, magnetic and electromagnetic fields associated with
human exposure.

This second edition cancels and replaces the first edition published in 2005. This edition
constitutes a technical revision.

This edition includes the following significant technical changes with respect to the previous
edition:

a) Extension of the frequency range to 300 MHz to 6 GHz.
b) Fast SAR methods.
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c) Test reduction techniques.

d) SAR measurements of terminals with multiple antennas and multiple transmitters.

e) Deviation of dielectric characteristics of the tissue-equivalent liquids is relaxed up to 10 %.

f) Uncertainty evaluation guidelines for temperature and dielectric parameter deviations of
tissue-equivalent liquids.

g) Addition of the following annexes:

e Annex K (informative) Measurement uncertainty of specific fast SAR methods and fast
SAR examples

e Annex L (informative) SAR test reduction supporting information
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INTRODUCTION

IEC TC 106 has the scope to prepare International Standards on measurement and
calculation methods used to assess human exposure to electric, magnetic and
electromagnetic fields. IEC TC 106 has developed this part of IEC 62209 to provide
procedures to evaluate the specific absorption rate (SAR) of human exposures due to
electromagnetic field (EMF) transmitting devices when held close to the ear. The types of
devices include but are not limited to mobile telephones, cordless telephones, headphones,
etc., which are used close to the ear. The IEC TC 106 standards do not deal with the
exposure limits. Conformity assessment depends on the policy of national regulatory bodies.
While basic restrictions on SAR in the ICNIRP Guidelines [64]1 go up to 10 GHz, the
frequency range for this part of IEC 62209 is limited to an upper end frequency of 6 GHz since
current Wireless handsets operate below this frequency.

IEC TC|106 and IEEE/ICES TC342 worked together formally througp rship to
achieve|the goal of harmonization, between IEC TC 106 Maintenaingce i part of
IEC 62209 and IEEE/ICES TC34 for IEEE Std 1528 [66]. During imary effort
involved was to harmonize these two standards.

To aid the user of this part of IEC 62209, a quick start gui e en ncluded
as an informative annex (see Annex O). The quick sta bllowing
the detdiled procedure of the standard.

&

1 Numbers in square brackets refer to the Bibliography.

2 The International Committee on Electromagnetic Safety of the IEEE.
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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 -

Part 1: Devices used next to the ear
(Frequency range of 300 MHz to 6 GHz)

1 Scope

This paft of IEC 62209 specifies protocols and test procedures for/me
spatial-average SAR induced inside a simplified model of the head wj
It appligs to certain electromagnetic field (EMF) transmitting dgvice

he peak
Hucibility.
ed next

to the dar, where the radiating structures of the device argdi K human
head, such as mobile phones, cordless phones, certain Headse e ols and
test procedures provide a conservative estimate with limi p -spatial
SAR that would occur in the head for a significant m of these
devices.|The applicable frequency range is from 300 (MH

2 Normative references

The follpwing documents, in whole or i ent and

are indispensable for its application. f eS, only the edition cited applies. For
undated references, g editi ng any
amendments) applies.

ISO/IEQ 17043:25)\/:0, S
ISO/IEQ 17025:20

laboratd

bsting

ibration

3 Tern

For the purposesgofthis dotument, the following terms and definitions apply.

3.1
axial isptropy

maximum deviation of the SAR measured when rotating around the major axis of the probe
while it is exposed to a wave impinging from a direction along its major axis

3.2
conducted power
power delivered by the power amplifier to a matched load

3.3
frequency band
transmitting frequency range associated with a specific wireless operating mode

Note 1 to entry: The frequency band is usually referred to using rounded figures; however the actual frequency
allocation may be slightly different, e.g. GSM 850 MHz band actually uses 824 MHz to 849 MHz and 869 MHz to
894 MHz, GSM 900 MHz band actually uses 880 MHz to 915 MHz and 925 MHz to 960 MHz.
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3.4

basic restriction

human exposure limits for compliance with time-varying electric, magnetic, and
electromagnetic fields measured inside the body that are based on established adverse health
effects

Note 1 to entry: Within the frequency range of this Standard, the physical quantity used as a basic restriction is
the specific absorption rate (SAR).

3.5

boundary proximity effect

<probe> change in the sensitivity of an electric-field probe when the probe tip is located less
than one probe-tip diameter from media boundaries

Note 1 to|entry: This effect is caused by distortion of the scattered field at the prob, rby| dielectric

phantom surface. This effect can be compensated for known probe orientation with res h surface.
3.6

channe

RF channel

specific|sub-division of the available frequency range ac ameters
of a wirgless technology

Note 1 tq entry: The number of RF channels and cha wireless
technolodlies. For the purpose of this Standard hnels; for
example, the high, middle and low channels o

3.7

correlated signals

<in timg> electromagnetic fields, assot |at i i , yieldi on-zero

time-domain correlation in

Note 1 tolentry:

(1)

where r|is the
symbol -

8 ; rscript + represents the complex conjugate operation| and the
lepresents inng S Qperation.

Observe {hat\two\fields ate uncorrelated at locations where they are geometrically orthogonal. This progerty does
not gener| at ngaLby poings unless the respective waveforms are uncorrelated [62]

In case o ignals,\corrélated signal waveforms yield a non-zero time-domain correlation integra] at some
time inst imited signals s1(), sz(t) said integral is defined as

where the superscript + represents the complex conjugate operation.

Note 2 to entry: Two uncorrelated signals would feature a vanishing correlation integral, i.e. the above integral is
equal to zero.

Note 3 to entry: Formulas (1) and (2) are originally specified in IEC TR 62630 [62].

3.8

device holder

fixture constructed of low-loss dielectric material that is used to hold the device under test in
the required test position during SAR measurement
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3.9

device under test DUT

device that is tested according to the procedures specified in this Standard to determine the
specific absorption rate

Note 1 to entry: This note applies to the French language only.

3.10
dielectric constant
real part of the complex relative permittivity of the lossy material

3.1
duty faetoer
ratio of the pulse duration to the pulse period of a periodic pulse train

3.12
fast SAR testing

<measurements> use of special techniques, methods or
measur¢ment time

decregse the

Note 1 to|entry: Fast SAR methods do not fully comply with all/6f theNqorm quirements in this [Standard.

Fast SAR|procedures are described in 6.6.

3.13
full SAR testing
<measurements> use of methods, pro
all of the normative requirements in this

ply with
7.4

3.14

handset

<wirelegs communication device the ear,
consisting of an acoyst he, and

containing a radi

Note 1 tol entry: TheYte oD b0 [61] —
mobile: capable of op { i e person
(IEV 151~ tr. These
definition me cases
referring {

3.15
head m
headse
device gperated™rext fo the side of the head consisting of an acoustic output or earphpne and
a microphone’and cohtaining a radio transmitter and receiver held in position on or arqund the
ear by lmechanical support e g around the head A head mounted device (headset) is
designed to be used at the ear but does not protrude into the pinna or the auditory canal. For
all practical purposes of this Standard, it is considered as a handset as it contains the same
basic components and performs the same basic functions

Note 1 to entry: Where the device under test is a head mounted device (headset), the user shall read the term
handset to mean head mounted device throughout this Standard.

Note 2 to entry: A head mounted device that is intended to be used in a way not considered for testing by SAM
phantom explained in this Standard is outside the scope of this Standard. (e.g. ear bud).

3.16

hemispherical isotropy

maximum deviation of the measured SAR when rotating the probe around its major axis with
the probe exposed to a reference wave, having varying incidence angles relative to the axis of
the probe, incident from the half space in front of the probe
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3.17

linearity error

maximum deviation of a measured quantity from the expected values defined by a reference
line over the measurement range

3.18
multi-band
<wireless device> capable of operating in more than one frequency band

3.19
operating mode

wireless protocol or standard used by a device to communicate with another terminal or
network|

Note 1 to entry: Modern terminals may have multiple operating modes incorpora operate
individually or multiple modes may be simultaneously active. Examples of operating R ﬂ EDGE,

EVDO, GPRS, CDMA, WCDMA, Bluetooth®, WiFi® and others.3 Each of these or more
transmissjon bands associated with it.

3.20
peak spatial-average SAR
maximum average SAR within a local region based gn a specifi r mass,
e.g. any 1 g or 10 g of tissue in the shape of a cube

Note 1 tolentry: SAR is expressed in W/kg or€

Note 2 to|entry: In this Standard, the terms pea 1 g or 10 g) and the termg 1 g SAR

and 10 g BAR are used interchangeably.

3.21
penetration depth
<for a gjven frequencyz deg field (E-field) strength of an incidenpt plane
wave, penetrating into to 1/e of its value just beneath the|surface
of the Igssy medi

Note 1 to|entry: For a p b given in

Formula (B):

(3)

3.22
phantom
physical model similar in appearance to the human anatomy and comprised of material with
electrical properties similar to the corresponding tissues

Note 1 to entry: A phantom representing the human head could be a simple spherical model or a more complex
multi-tissue anthropomorphic model.

3.23
pinna auricle
cartilaginous projecting portion of the outer ear, consisting of the helix, lobule and anti-helix

3 Bluetooth is the trademark of a product supplied by the Bluetooth SIG. WiFi is the trademark of a product
supplied by Wi-Fi Alliance. This information is given for the convenience of users of this document and does not
constitute an endorsement by IEC of the products named. Equivalent products may be used if they can be
shown to lead to the same results.
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3.24

push-to-talk device

hand-held radio transceiver in which a user operates a switch to toggle between radio
transmission and reception (simplex operating mode)

EXAMPLE A two-way radio.

3.25

probe isotropy

degree to which the response of an electric field or magnetic field probe is independent of the
polarization and direction of propagation of the incident wave

3.26
readout electronics
measurgment system component that connects to the E-field pfob provides an
analogue-to-digital conversion of the measured values to the t-processon of the
measur¢ment system
3.27
response time
time required by the measuring equipment to reach alue after| a step
variatiof of the input signal
3.28
scanning system
automat ositions
3.29
sensiti\
<of a m tage) to
the mag
3.30
specifig
SAR
The SA d can be determined by the rate of temperature increase
or by Efi g to Formulas (4) or (5):
2
SAR = - (4)
P
dr|
SAR = cp—— (5)
dr t=0
where
SAR is the specific absorption rate in W/kg;
E is the rms value of the electric field strength in the tissue medium in V/m;
o is the electrical conductivity of the tissue medium in S/m;
P is the mass density of the tissue medium in kg/m3;
ch is the specific heat capacity of the tissue medium in J/(kg K);
c(jj_T is the initial time derivative of temperature in the tissue medium in K/s.
t

=0
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3.31 Uncertainty

3.31.1
standard uncertainty

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

estimated variance

3.31.2
combined uncertainty

estimated standard deviation of the measurement result obtained by combining the individual
standard uncertainties of both Type A and Type B evaluations using the usual "root-sum-
squares" method of combining standard deviations which were obtained by taking the positive

square root of the estimated variances

3.31.3
expanded uncertainty

quantity| defining an interval about the result of a measurement that\is expectéd.torendompass
a distribution of values within a defined confidence interval tha bly ve aftributed
to the measurand

3.32

uncertainty evaluation

<Type A> evaluation of uncertainty by the statist a a.series of obsefvations

(measurements)

3.33
uncertainty evaluation
<Type B> evaluation of uncertainty by(me
observations (measuremen

4 Symbols and a

4.1 Physicaltit es

The inte rnational%cep d e’ used throughout the Standard.

eries of

Symbpl \ QuNty Unit Dimensfons
a ttenMcﬁgffia\s\n}) reciprocal metre 1/m
h Q \S«%{Jifl at ca}ﬁacity joule per kilogram per kelvin J/(kg K)
E \EJQc}ic de\stréngth volt per metre Vim
f Frew hertz Hz
J Current density ampere per square metre A/m?2
P Average (temporal) absorbed power watt w
T Temperature kelvin K
€ Permittivity farad per metre F/m
A Wavelength metre m
) Penetration depth metre m
o Electric conductivity siemens per metre S/m

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

Symbol Physical constant Magnitude

Mo Intrinsic impedance of free space 120 t Q or 377 Q
£ Permittivity of free space 8,854 x 10~12 F/m
4.3 Abbreviations

APS absolute peak spatial-average SAR

CAD computer aided design

ERP ear reference point

DUT devicetnder-test

RF radio frequency

RMS root mean square

RSS root sum square

SAM specific anthropomorphic mannequin

WLAN wireless local area network

GSM global system for mobile communication

GPRS general packet radio service

EDGE enhanced data rates for
Ccw continuous wave

TDMA
CDMA
WCDMA
OFDM
DCS
PCS
UMTS
WiMax
PDF
SAR
psSAR
STBC
MIMO

TEM tTransverse electric and magnetic

FDTD finite-difference time-domain
5 Measurement system specifications

5.1 General requirements

A SAR measurement system consists of the SAM phantom (a human head model) filled with
tissue-equivalent liquid, electronic measurement instrumentation, a scanning system and a
DUT holder.

SAR shall be measured using a miniature probe that is automatically positioned to measure
the internal E-field distribution in the SAM phantom representing the human head exposed to
electromagnetic fields produced by the DUT. The phantom head is filled with the required
tissue-equivalent liquid, representing the electrical properties of tissues in the human head.
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This liquid shall be of low viscosity to allow free movement of the probe within it. From the
measured E-field values, the SAR distribution and the peak spatial-average SAR value shall
be calculated.

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

a) Both the ambient and tissue-equivalent liquid temperatures shall be in the range of 18 °C
to 25 °C, inclusive; see 7.2.6.6 to determine the liquid temperature uncertainty.

b) Prior to tissue-equivalent liquid dielectric properties measurement and SAR
measurements, the DUT, test equipment, liquid and phantom shall have been kept in the
laboratory long enough for their temperatures to have stabilized (i.e. they shall not have
beef recenily moved from another area with a different ambient te ch as a
refrigerator or storage area).

c) The|temperature of the liquid during the SAR measurements ithi C (or a
temperature difference corresponding to a 5 % change in either s if this i aller) of
that|at which the dielectric properties were measured. If the bxceeds
this |value, the dielectric properties shall be re-measured. 2.0 hine the
liquid temperature sensitivity uncertainty.

d) The| effect of reflections from cables, test equ hall be
detgrmined by the SAR system check procedure without
the |reflectors present or where necessary wit sorbing
materials and/or the use of ferrite beads on

e) SAR measurements of test devices sh : lections,
secondary RF transmitters, etc., ) 3 ial-a or 10 g
masis, whichever is applicable to tf he peak
spafial-average SAR at (approxim y O used to establish the 3 % low detection
limit, see 7.2.9). Whe 2 gctors is more than 0,012 W/k{, ferrite
beads, RF absorbers* igati iques shall be applied to reduce the SAR
errof. i imi 3 ieved, a value higher than 3 % (0,012 W/kg)
shall be considered it ' jet’in the "RF ambient conditions — reflections”
row [of applica i it’can be demonstrated that the SAR contributiop due to

reflgctions de
measured for

heck procedure is less than 10 % of the SAR
equirement on reflections shall be verified |at least

evel 3 S syste y Check shows unexpected results.
During hestln K sb Qt be connected to any wireless network except a baseg station
simulator i .
System 1 ccording to the protocol defined in Clause D.3 shall be done at legst once
per yea it when a new system is put into operation and whenever modifications

have beg Q_the system, such as a new software version, different type or vdrsion of
readout|electronics or different probes. The standard sources used for system validatfon shall
be desigred—and—vatidated-tomeettherequirements apcbificd imArmexD—Additionat-sources
for dipoles and wave guides at specific frequencies not currently included in Tables D.1, D.2,
G.1 and G.2 may be used as standard sources provided they meet the requirements specified
in D.3.6 and Annex G.

The measurement system shall be validated as a complete system. Calibration of the probe
separately from the system is allowed, provided that the electrical interface characteristics
between the probe and readout electronics are specified and implemented during
measurements. The probe(s) shall be calibrated together with an identical amplifier,
measurement device and data acquisition system. The probe shall be calibrated in a tissue-
equivalent liquid at the appropriate operating frequency and temperature range, according to
the methodology described in Annex B.

The lower detection limit shall be less than or equal to 0,01 W/kg, and the maximum detection
limit shall be higher than 100 W/kg. The probe sensitivity and isotropy shall be determined in
the tissue-equivalent liquid. The probe response time shall be specified. The outermost
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diameter of the probe tip shall not exceed 8 mm in the vicinity of the measurement elements
for frequencies up to and including 2 GHz. For frequencies above 2 GHz, the probe tip
diameter shall not exceed 4/3, where A is the wavelength in the liquid. The probe tip diameter
may be larger if it can be shown that specific requirements are met.

A larger probe diameter is acceptable if it can be demonstrated that the E-field from any
potential field distribution can be measured with an uncertainty of less than +15 % (k = 2) at
the distances from the surface of phantom, as listed in Table 1 or at the distances
recommended by the dosimetric system manufacturer (whichever is less). The methodology of
how to determine this uncertainty is not part of this Standard and shall be developed by the
user. Without such an uncertainty methodology this may not be acceptable by national
authorities.

Where this Standard explicitly specifies performance characteristic Lirement
system pr a part of the measurement system, the manufacturer of the part, or
the system integrator shall document the conformity with the provis i darl.

5.2 Phantom specifications (shell and liquid)

This Stpndard provides test procedures for a sagitta i (¢ A o) briented
horizonfally only. For the typical set-up of a sagittallybi he head
model i$ placed on its side, and the DUT is placed unde \ use the
procedures in this document are outside the scope

The phantom shall be filled with head ti ' t liquid with the required dlielectric
propertips.

To minimize reflections fro h of the

liquid should be at least ly the distance between the ears of a

typical may be used only if it is demopstrated
(e.g. us| on peak spatial-average SAR is Igss than
1 % und i s. IFNLd ore than 1 % but less than 3 %, uncertainty for the
worst-cd ; be added to the uncertainty budget.

The die altrated and compared with the values given in Table A.3
using li i a Roi egdurement can be performed using the equipmgnt and

procedures de€scri i ex J. The measured dielectric properties, not the vglues of
Table A i

NOTE S 2.1 allowaple variations between the measured and the Table A.3 dielectric parameters, as
defined fq L y’Standard.

At least|three/referenCe points shall be defined on the phantom by the phantom mandyfacturer
for use jn\aligning the scanning system with the phantom. These points shall be visible to the
user, enclosing at least 80 % of the phantom top surface and each point being at least 20 cm
apart. Specifications for the phantom and head tissue simulant liquid are given in Annex A.

The rationale for choosing the specific head phantom model (i.e. SAM) described in this
Standard is based on the following criteria.

a) The peak spatial-average SAR shall be a conservative estimate of the actual value
expected to occur in the heads of a significant majority of persons, regardless of age,
gender and ethnicity, during the intended use of wireless handsets.

b) The test results shall not unnecessarily overestimate the peak SAR expected in actual
users.

c) The phantom shall allow stable and repeatable device positioning for peak spatial-average
SAR measurements and be effective for verifying repeatability and reproducibility
demonstrated by inter-laboratory comparisons.

d) The phantom shall be practical for routine SAR evaluation.
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e) The phantom shall support these criteria for contemporary and future handset designs and
be unbiased with respect to any particular handset design or shape.

Based on the currently available science, literature, and experience, the design of a phantom
that meets the above criteria, especially item a), i.e. providing a conservative estimate of the
actual SAR, is a function of at least the following parameters:

1) head size and shape of the SAM phantom shell;

2) dielectric parameters and homogeneity of tissue-equivalent liquids and phantom shell;

3) ear pinna/auricle size, shape, location and material properties;

4) exclusion of the hand for measuring SAR in the head (see Annex N).

5.3 Fland and device holder considerations

During normal operation, the head and hand are in the near-field of ed next
to the gar and hence both absorb energy. For extremities such ds the igher SAR

limit is allowed, i.e. 4 W/kg averaged over 10 g of tissue in | idelines
[64] and IEEE Std C95.1-2005 [65]. Numerical and experimen that the
SAR in the hand at the power levels used by handsets is p6 5e limits
(Francayilla et al. [43], Gandhi et al. [52], Jensen and Rahn at- Samiiofe er et al.

[83], Watanabe et al. [149]). Furthermore, a practica casurement in the

hand is|currently unavailable. Therefore, SAR meagurem i S J is not addrgssed in
this Stapdard.

The influence of a hand holding a kands Qur ng SAR measuremepts was
considefed in IEEE Std 1528-2013 [66]. B W zand et al. [2] and Kuster gt al. [83]

reported that the presence of the hand ed or had no significant effect on the
head SAR, although numerical results\by I¢ in 2001 [105] showed a case with 7 %

increasg in head SAR due ) S deviatioris in head SAR were concludg¢d to be
within the conservativeness p V|de g phantom. Based on these stud(ﬁes, the
exclusign of the hand eduxes. would lead to head SAR overestimatioh in the
majority| of situations, [as’¢ recent research results [4], [5], [77] on handset

are not considered in this Standard.

SAR leVels. For@

The sta . effect of the hand on head SAR produced by hlandsets
is described in Afine i shows that there are cases when the SAR produced
by handsets i 3 \ ray increase as well as decrease significantly due to the
hand hmldm pecific handset designs, operating bands and hand grips.
These i i n that the SAM phantom alone may still overestimate head
SAR in (& isti significant number of cases compared to when the hand is present for
the measu ) erifieless they deserve further investigations, which may patentially
warrant § in this recommended practice.

5.4 Sicanhing system requirements

The SAR probe scanning system shall be able to scan the required measurement regions of
the SAM phantom that are within the projections of a DUT in order to evaluate the three-
dimensional SAR distribution. The tolerance of the probe tip positioning at a measurement
point shall be < 0,2 mm. The positioning resolution shall be <1 mm. The probe positioning
accuracy of the scanning system requires the phantom reference points defined by the
phantom manufacturer to be verified.

5.5 Device holder specifications

The device holder shall permit the DUT to be positioned according to the definitions given in
6.2.4. It shall be made of low-loss and low-permittivity material(s): loss tangent < 0,05 and
relative permittivity < 5.
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In coupling the DUT to the phantom, the device holder should provide the minimum amount of
contact to the DUT to give a secure hold and maintain the required position during the
measurement. The device holder should aid the operator to position the DUT repeatably. In
cases where a default relative positioning cannot be achieved, e.g. due to the device holder
interaction with buttons and sensors on the DUT, then minimal position offsets in a predefined
direction should be applied to achieve the required DUT test position.

The positioning uncertainties shall be estimated following the procedures described in 7.2.5.

To verify that the device holder does not perturb SAR, a substitution test shall be done by
supporting the test handset with low relative permittivity and low-loss foam blocks, against a
flat phantom (see 7.2.5.2).

5.6 Characteristics of the readout electronics

The pro jon that
combiné b| to the
amplitud ble feed
point arn through
resistivg Is-wave
signal 3 of the
amplitug h point),
the outj 5 signal
compre nditions
if it is readout
electro nty.

For unc

6 Prag

6.1 G

All mea vith good laboratory practice, e.g. in accordapce with
ISO/IEQ national requirements for device certification. This
Standar needed to configure wireless handsets for [specific
wireless settings such as the operating mode or datg rate to
ensure obtained.

6.2 M

6.2.1 on Of tissue-equivalent liquid and system check

The dielectrie plupclt;ca of-the tiabuc-cquiva=c||t “quido shrattbe-meastred-within—24-h before

the SAR measurements and every two days of continuous use. Less frequent dielectric
measurements are acceptable if the laboratory can document compliance with Table A.3 and
the requirements of 5.2 using measurement intervals up to but not greater than one week. If
the handset test series takes longer than 48 h, the liquid parameters shall also be measured
at the end of the handset test series.

Tissue equivalent liquids shall yield measured relative permittivity and conductivity values
within £10 % of the target values at frequencies at which the SAR is measured, when 7.2.7.2
is used to correct measured SAR for the deviations in permittivity and conductivity; otherwise,
the relative permittivity and conductivity shall be within £5 %. If the correction for the deviation
of the dielectric parameters (see 7.2.7) is applied, it shall be within +10 %.

A system check according to the procedures of Annex D shall be completed within 24 h before
performing SAR measurements for a DUT. The purpose of the system check is to verify that
the system operates within its specifications at the test frequencies. The system check is a
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test of repeatability with a calibrated source to ensure that the system works correctly during
the compliance test. The system check shall be performed in order to detect possible drift
over short time periods and other uncertainties in the system, such as:

a) unacceptable changes in the liquid parameters, e.g. due to water evaporation or
temperature changes;

b) component failures;

c) component drift;

d) operator errors in the set-up or the software parameters;

e) adverse environmental conditions for the system, e.g. RF interference.

The sysferr ' ' ' i &m, with
the sam ne. ‘dgvice for
each frgquency band tested.

6.2.2 Preparation of the wireless device under test (DUT

The an rer, and
docume re each
measure

For 3G/ olled by
a wirelelss link to a base station or ne i . B , Wi , étc., test
softwar¢ and internal test codes are ge )

If tests [are performed using prototypes, i & ifi i gion has
exactly |the same mechanlcal and el isti . If this
cannot [be guaranteed, te strall_be rep ted hy” sampling of unmodified commercial
product|versions.

The DU[T shall b er level
for conditions o@ er level
consistgnt with tung-uf shall be
scaled {o the highes its. The
scaling d evels of
the DU g. by conducted power tests with a fully charged b3ttery to
support he possibility of SAR variations occurring over the course of
the SAR

For cerfain igitally modulated signals (see 6.2.3.4) the time-averaged maximum
output [power\ ms ary in different operating modes according to signal banpdwidth,
modulatio, sCheme;” peak-to-average power ratio and data rate. These conditions| require
careful selection of device r‘nnfignmtinn: for SAR measurement When time division duplex

(TDD) scheme is used, the uplink and downlink signals are transmitted at the same frequency;
typically in random orders with non-periodic duty factors. It is important that these factors are
considered for such wireless technologies to ensure SAR is measured correctly. For example,
the output power of IEEE Std 802.11 (Wi-Fi/WLAN) devices during SAR measurement is
typically set by test software to the maximum level for the corresponding modulation and data
rate. The test software also configures the device to transmit with a fixed periodic duty factor
to enable the SAR to be measured correctly. The measured SAR may need to be scaled to a
higher transmission duty factor corresponding to the maximum exposure expected during
actual use. For handsets with Wi-Fi functionality, the lowest order modulation is typically
expected to have the lowest peak-to-average power ratio and typically has highest maximum
average output power; therefore, when appropriate, the lowest order modulation shall be
tested to ensure conservativeness and to avoid SAR measurement errors due to high peak-to-
average power ratios. Additional measurement and probe calibration considerations may be
required for IEEE Std 802.11ac 160 MHz channels.
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6.2.3 Operating modes
6.2.3.1 General

The wireless technologies used by the DUT will determine the operating mode and type of
signals (frequency, modulation scheme, output power, etc.) used in the SAR tests. All
applicable operating modes intended for device use next to the ear shall be considered for
testing. Subclause 6.7.2 provides a test reduction procedure for modes operating in the same
technology and frequency band. The signal characteristics of operating modes can be
described by 6.2.3.2 to 6.2.3.4. For devices that do not operate with a periodic duty factor,
special test software or equipment is generally required to configure the DUT to transmit with
a maximum periodic duty factor before conducting the SAR measurement.

6.2.3.2 Constant-envelope operating modes (analogue modulations)

A DUT pperating in modes where the envelope of the signal in thetin is\¢pnstant,
e.g. frequency division multiple access (FDMA) modes, shall be tested\ wi -eqpivalent
(carrier) signal using test codes or a base-station simulator.

6.2.3.3 TDMA (pulse-envelope) operating modes

A DUT opperating in TDMA mode may transmit voice 2 a of slots.
Dependjng on the data rate, data operating modes \ igns may
operate| at reduced output power to accommodate : ¢ tios; for
example, EDGE. If data operating modé grafi g vojce calls, such as in certain
GSM/GIPRS/EDGE dual transfer operati i e number of time s|ots and
the highest output power for both voice be’ considered in configuring the
simultaneous transmission conditions fg axt to the ear.

If it is not feasible to copfig dey perate at its maximum time-averaged output
power il multi-slot conditions o iceqnd/or datandue to test equipment limitations, [the test

shall bg performed in “single i ode provided the results are scaled to the
maximum number of 8 he transwitted. Any difference in maximum outpyt power
between single i-& itions ghall also be accounted for in the scaling| It shall
be dempnstrated™thaj SA ing-is eitker linear or slightly less than linear with respect to

distribution is independent of output powgr. The
power shall be documented in the SAR test report

output
relationghi

6.2.3.4 igi erati odes with random amplitude and phase modulation

For a D erating~modes that employ spread spectrum CDMA, orthogonal freguency-
division| multipfexing (OFDM) or other modulation schemes where the envelope of thg signal
varies randomly with'time, the output power generally varies because of changing peak-to-
average power ratios due to data rate and other technology-specific operating paramegers and
conditions. The tests shall be performed at a time-averaged maximum output power level
supported by the DUT and, when applicable, with a fixed periodic transmission duty factor, for
example TDD systems. In some cases, the DUT may not be able to sustain the maximum
average power for long durations due to peak-to-average and other design requirements.
Care shall be taken to ensure the transmitter is configured to operate at an acceptable time-
averaged output power level as allowed by the DUT and to scale the measured SAR to the
required highest time-averaged output level. Information on CDMA IS-95, including probe
linearity compensation, has been published by Di Nallo and Faraone [25]. Further information
for WCDMA, LTE, etc. was recently reported by Nadakuduti et.al [116].

6.2.3.5 SAR scaling procedure for power or signal variations

SAR scaling is the extrapolation of the SAR of a DUT determined with a test signal (mody) to
a SAR of the same device in the same exposure test position and frequency channel with a
different signal (mody). The difference can be in the power level, modulation, or both. The
time-averaged RF output power ratio of mody and mody shall be determined either by
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measuring the average power for both or by numerical integration of the power envelope if the
signals are sufficiently well known. SAR scaling is possible if the following points are satisfied.
a) The same RF amplifier stage is used for mody and mody.

b) The same antenna is used for mody and mody and no MIMO (multiple-input and multiple-
output) or other antenna diversity techniques are applied.

c) The probe modulation response uncertainty has been evaluated for the modulated signal
mody (see 7.2.2.4) and the SAR has been determined for mody.

d) The time-averaged RF output power ratio (Rp) of mody and mody after the RF amplifier
stage is known according to Formula (6):

I max,mody

R, - (6)

Pmodx

whe corresponds to the highest time-averaged outp lthe two

(€ Pmax,mody
signpls differ in modulation, then the test signal will be get atm [ veraged
output power: Pyoy = Pnax mody -
The|factor R, shall be determined by experimentg
average power meter).

sing an

e) The|RF carrier frequency of mody is the same
f) The|RF signal bandwidth ratio (R

g) The|channel bandwidths d. N gach within 5 % of the carrier freqyiency.

If the apbove requjre hall be
performed accon@ 11:

(8)
If the a ort that
points 3
For har supponing push-to-talk modes operated next to the ear, the maximim duty

factor shall be'deermed to be 0,5 based on 50 % talk and 50 % listen.

6.2.4 Positioning of the DUT in relation to the phantom
6.2.4.1 General

This standard specifies two handset test positions against the head phantom - the "cheek"
position and the "tilt" position. These two test positions are defined in 6.2.4.2 and 6.2.4.3,
respectively. The DUT shall be tested in both of these positions on the left and right sides of
the SAM phantom. In some cases (e.g. asymmetric handsets) the DUT positioning procedures
representing intended use conditions (see 6.2.4.2 and 6.2.4.3) cannot be used. In this event,
alternative alignment procedures shall be adapted with all details provided in the test report.
These alternative procedures shall replicate intended use conditions as closely as possible,
according to the intent of the procedures described in 6.2.4.2 and 6.2.4.3.

For other form factors associated with head mounted devices (used at the ear but not
protruding into the pinna or the auditory canal), the positions and orientations used for


https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

- 28 - IEC 62209-1:2016 © IEC 2016

assessment shall align as closely as possible with those defined for handsets in 6.2.4.2 and
6.2.4.3. Consideration for the intended use orientation shall also be given. See also 6.2.4.6.

Where the head mounted device contains an acoustic output and acoustic input, then these
shall be aligned to the ERP and M reference points, respectively.

Clear details of the actual test positions used shall be fully documented in the test report.

6.2.4.2 Definition of the cheek position

The cheek position is established in points a) to i) as follows.

a) Configure the DUT for talk operation, if necessary. For example, fo n a flip,
swiVel or slide cover piece, open the cover if this is consistent wi n. If the
DUT can also be used with the cover closed, both configurations s}

b) Define two imaginary lines on the DUT, the vertical centreline and\ths i bhine, for
the |DUT in vertical orientation as shown in Figure 1. ica ali passes
thropgh two points on the front side of the DUT: the midpoin i W of the
handset at the level of the acoustic output (Point A in“Figure 1 Y t of the
width wy, at the bottom of the handset (Point B). The-horiz ing Ts\perpendicular to the
vertical centreline and passes through the centré e igure 2).
Theltwo lines intersect at Point A. Note that for ) i with the
cenfre of the acoustlc output. However, the ZCX here on
the cal ce i ecessarily parall¢l to the
fron ] pieces,
and

c) Postti (virtual)
exte on the
pha ine and
the

d) Tran LE until
the

e) Rots s in the
refer

f) Rotd 3 ; vertical
cenfreline i i i -F line, he DUT
towd the LE-RE line until DUT Point A touches the ear at the ERP
(ear

g) Whi DUT in
confact with DUT is
in cpntact) with~a hantom point below the pinna (cheek) (see Figure 2f). The physical
anglesf rotation shall be documented.

h) While keeping DUT Point A in contact with the ERP, rotate the handset around a line
perpendicular to the plane defined by the DUT vertical centreline and horizontal line and
passing through DUT Point A, until the DUT vertical centreline is in the reference plane
(see Figure 29).

i) Verify that the cheek position is correct as follows:
o the N-F line is in the plane defined by the DUT vertical centreline and horizontal line;
e DUT Point A touches the pinna at the ERP;
o the DUT vertical centreline is in the reference plane.
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wil2 Vertical centre line

~

* wy/2

Acoustic

output Horizontal line

B Acoustic input

Key
. Width
wy, Width

w,

hd Wy Bottom of hand
K
-
wypl2
wp/2
wil2 Vertical ce
\

Bottom of handset

Acoustic

IEC

of the bottom™a

A Midpo|

ntof the width w,_of the handset at the level of the acoustic output

B Midpo

int of the width wy of the bottom of the handset

Figure 1 — Vertical and horizontal reference lines and reference
Points A, B on two example device types: a full touch screen
smart phone (top) and a keyboard handset (bottom)
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NOTE The reference points for the right ear (RE), left ear (LE), and mouth (M)
Plane for|handset positioning, are indicated. This device position shall be maintain
set-up shpwn in Figure A.4.

! sagittal plane

vertical’

IEC

Reference

centerline

NOTE The black arrows show the direction of translation of the DUT for Step d).

Figure 2c — Handset position of Figure 2b after applying Step d)

IEC
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Reference
Plane

vertical
centerline

IEC

NOTE The curved black arrows show the direction of rotation of the DUT for Step e).

Figure 2d — Handset position of Figure 2c after applying Ste

NOTE Tpe curved black a directi \ ation of the DUT for Step f).

Figure 2d after applying Step f)

— vertical
nterline

NOTE The curved black arrows show the direction of rotation of the DUT for Step g)

IEC

Figure 2f — Handset position of Figure 2e after applying Step g)
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Reference
Plane

IEC

NOTE The curved black arrows show the direction of rotation of the DUT for Step h).

Figure 2g — Handset position of Figure 2f after applying

Figure 2 — Cheek position of the wireless device on the
where the device shall be maintained for the phant

6.2.4.3 Definition of the tilt position
The tilt position is established in points a) to d) as folflows.

a) Rep 2).

b) While maintaining the orientation¢of away from the pinrfa along
the Jine passing through RE and L¥ 3 hto{allow a/rotation of the handspt away

from the cheek by 15°.

c) Rots ).

d) Whi m on a
line 1 position
is obtained when the _contact ig© S pi , :l\er than
the & ' > he DUT
shal UT is in
cont hantom,
e.g.

IEC

Key
M Mouth reference point
LE Left ear reference point

RE Right ear reference point

This device position shall be maintained for the phantom test set-up.

Figure 3 — Tilt position of the wireless device on the left side of SAM
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6.2.4.4 Antenna

For devices that employ one or more external antennas with variable positions (e.g. antenna
extended, retracted, rotated), these shall be positioned in accordance with the user
instructions provided by the manufacturer. If no intended antenna position is specified, tests
shall be performed with the antenna(s) oriented to obtain the highest exposure condition while
still maintaining the device in the cheek and tilt positions of 6.2.4.2 and 6.2.4.3. For antennas
that can be extended, testing shall be performed with the antenna fully extended and fully
retracted. The antenna configurations shall be documented in the measurement report.
Transmit diversity antennas are tested independently for SAR.

6.2.4.5 Options and accessories supplied by the DUT manufacturer

Other agcessories that may affect the RF output power or RF current distributi ofjhe DUT
when uj iti pecified
by the tks that
change lad use.
NFC or ut their
influenc

6.2.4.6

For the 3 ar type
(rectangular, cuboid) form factor. However the/basic-pringiples defined and specified here
may be japplied to other form factors fo device! % e scope of this Stgndard.

)

One sug¢h device is a wireless headset (e3g. conne g etooth), which can be eyaluated
in the seme manner as any other DUT i i 3 by applying a similar geometry and
coordinate mapping from thjs device to\the inttign provided in Figure 4.

Horizontal

Vertical centre line
centre line

Vertical
centre line

Ear support
against phantom

IEC

Figure 44 An alternative form factor DUT and standard coordinate
and reference points applied

The basic features of any device that allow for easy mapping to the geometry and coordinate
system in use in this Standard include the identification of an acoustic output point that will be
defined as point A when at the mid-point of the width of the device and a point B that will be at
the bottom of the device, where the primary microphone location is at the end nearest to the
mouth.

Other considerations that shall be made here are the operating modes available in such a
device and the maximum operating power levels that apply.

All details relating to alternative form factor DUTs shall be fully documented in the
measurement report, including diagrams or photographs that would aid the description. Sound
engineering practice shall be applied to implement the mapping of an alternate form factor
device.
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6.2.5 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 6.2.5 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

powerof differen panne may pe optimizeqd dilfferen perefore pefore performing fesing ng ine specific
channels [required by this standard, the maximum output power of the channels needs to ified to fletermine
whether the chosen channels are indeed producing the highest rated output of the d used to
establish the channels for testing purposes shall be documented in the test report.
For each operating mode of a wireless technology used by the DU formed
at the ¢hannel closest to the centre of each transmit freque of the
transmit frequency band (Af = fhignh — fiow) €xceeds 1 % ofn hen the
channels at the lowest and highest frequencies of the # tested.
Furthermore, if the width of the transmit band exces gentre frequency,
Formulg

(9)
where
fe i
Ihigh is the highest freq
fiow I the lowest fr
N, is the number qf ck
The fungtion ro number
of chanpels, N, w spaced
apart in est and
highest d liquid
dielectri frequencies. Substantially large transmission bands may
require n points and different tissue-equivalent liquids to cover the
entire frp
NOTE 1 | Regulatery” agencies may have different requirements on the number of channels to be tgsted per
transmissjon band, according to frequency allocations and other wireless technology requirements.
NOTE 2 |[If\fhe test frequency yielding the highest output power does not correspond to the middle channel, the

test requirements may vary among different national regulatory authorities.
6.3 Tests to be performed

In order to determine the highest value of the peak spatial-average SAR of a handset, all
required device positions, configurations and operating modes shall be tested for each
frequency band according to Steps 1 to 3 below. For devices capable of simultaneous
transmission, apply the appropriate procedure described in 6.4.3. A flowchart of the test
process is shown in Figure 5.

Step 1: The measurement procedure described in 6.4.2 shall be performed at the channel
that is closest to the centre of the transmit frequency band (f;) for each transmit antenna used:

a) all device test positions (cheek and tilt, for both left and right sides of the SAM phantom,
as described in 6.2.4);
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b) all use configurations for each device position in a), e.g. with device slide or cover open
and closed or antenna extended and retracted;

c) all operating modes, e.g. analogue and digital modulation for each device position in a)
and configuration in b) in each frequency band.

Step 2: For the condition providing highest peak spatial-average SAR determined in Step 1
for each configuration in a), b) and c), perform all tests described in 6.4.2 at all other test
frequency channels, e.g. lowest and highest channels (see 6.2.5). In addition, for each device
position, configuration and operating mode where the peak spatial-average SAR value
determined in Steps 1 a), b) and c) is greater than or equal to half of the applicable SAR limit,
testing of all required channels is required; otherwise, it is not required.

Step 3] Examine all data and defermine the reporfing requiremenis for { largelst peak
spatial-average SAR value measured in Step 1 and Step 2. An exampl given mpAntiex M.

&
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Measurement b.4.2

D 'a ™
SAR Reference Measurements
( : - 6.4.2
Operating Mode for each wireless 4.2 (a)
technalogy and frequency band i
Area Scan
/—‘/ Configuration 6.4.2 [b-c)
— [i.e. antenna and accessory’) l
<4 L )
~EL N Zoom Scan
1 6.4.2 (d-e)
l P F- T l
I TR RIETL I
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step(17) | [ Cheek 152t |
. v
Y
_ Measurement 6.4.2
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. v
\ ND

All tests in step (1)
6.3 done?

Test other frequency channias of
6.2.5 for highest 3AR t
configuration and octheytest
canditicns within 3 di of agplicab|
SABAmIt according to B)

< L

i3
SN

.

C

3

posipions, configurations and
ing modes for each frequency
band according to 6.3

all primary and

secondary peaks
required by 6.4.2
[c) tested?

EC

Figure 5 — Block diagram of the tests to be performed

6.4 Measurement procedure

6.4.1 General

Subclause 6.4 describes the procedure for evaluating the peak spatial-average SAR of the
DUT, including the minimum number of drift measurements to be performed. If the drift is high
for a particular operating mode and frequency channel, more drift measurements may be

necessary, as described in 7.2.8.
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6.4.2 General procedure

The following procedure shall be performed for each of the test conditions (see Figure 5)
described in 6.3. Table 1 provides the measurement parameters used in the area scan and
Table 2 for the zoom scan.

a)

b)

Measure the local SAR at a test point within 10 mm of the inner surface of the phantom
where the measured local SAR exceeds the lower detection limit of the measurement
system. Preferably, the test point will be above the expected peak SAR location within
said distance from the phantom surface. As explained at Step f) below, a comparative
measurement will be made by the system at the same point after completion of the SAR
measurement.

The H-O-F—O\-E ahich he—SAR _meastrement— performed h cover—attleast-an area
larger than the projection of the handset and antenna. For someg | handsets{ the area
projected onto the phantom can be large such that the probe may’not reachcall ppints. In
this|case, rotated phantoms may be used and the area may/bg“\assessed by\multiple
oveflapping area scans. Measure the two-dimensional R distibutign \wifin the
phantom (area scan procedure). The boundary of the meastxement.area shall [be with
resgect to the SAM phantom requirements. The mea su b glutioanand| spatial
resdlution for interpolation shall be chosen to alloy the locpl peak
localtions to within one-half of the linear dimension o 3 gide of the zoom-
scal . i i i ies equal to ¢r below

3 Gi ' i . soldtion SAR uncgrtainity
of t i < in 7.2.10. The maximum
distance between the geometrical and the inner surface of
the < enoi elow 3 GHz and &6In(R)/2 mm
for f] i , is th wave-pehetration depth and In(k) is the
naty i i i e sensor-phantom surface distance
shal g ¥GHz and + 0,5 mm for frequencies
aboye 3 GHz At all S i ‘ gle of the probe with respect to|the line

bHz and
rement

normal to the surface
20° [for frequencie

pargmeters require
From the sc €
add tion identi S
ma
shal

alue, in
B of the
gl peaks

(e.g

Measure X\ S{0 istributi i i identified in
Steq 7 S or less
but mm for
freq m scan
size an with

tightec spacmg between the measurement pomts is aIIowed due to steeper decal of the
E-fi —the grid

step in the vertical direction shall not exceed (8 f[GHz]) mm, and for frequenmes equal
to or below 3 GHz if uniform spacing is used the grid step shall not exceed 5 mm. If
variable spacing is used in the vertical direction (non-uniform grids or graded grids), the
maximum spacing between the two closest measured points to the phantom shell shall not
exceed (12/f[GHz]) mm for frequencies above 3 GHz, and shall not exceed 4 mm for
frequencies at or below 3 GHz. Furthermore the spacing between farther adjacent points
shall increase by an incremental factor not exceeding 1,5. When graded grids are used,
extrapolation routines shall be tested according to 7.2.10.3.2 with the same spacing as
used in measurements. The maximum distance between the geometrical centre of the
probe detectors and the inner surface of the phantom shall be 5 mm for frequencies equal
to or below 3 GHz and §1In(2)/2 mm for frequencies above 3 GHz, where 6 is the plane
wave penetration depth and In(x) is the natural logarithm. Separate grids shall be centred
on each of the local SAR maxima found in Step c). At all measurement points, the angle of
the probe with respect to the line normal to the surface shall be less than 30° for
frequencies equal to or below 3 GHz and 20° for frequencies above 3 GHz.
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e)
to determine peak spatial-average SAR values.

f)
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Use the post-processing, i.e. the interpolation and extrapolation procedures defined in 6.5,

Measure the local SAR at exactly the same test point location as in Step a). The SAR drift

of the DUT may be estimated by the difference between the two measured single-point
SAR values in Steps a) and f). The SAR drift shall be kept within £ 5 %; otherwise, see

7.2.8 for more information on addressing SAR measurement drift.

Commercial handsets should have output power drifts within +

5 %. Some devices may have

significant fluctuations in output power that are not classifiable as undesirable power drift but

rather are a characteristic of the normal operating behaviour of the device.

In these case,

other methods such as power scaling can be performed with the aim of ensuring that an

accurate and conservative SAR is obtained.

Uncertajnties due to field distortion between the media boundary and

lecthic erl\closure

of the probe shall also be minimized, which is achieved if the dista the phantom
surface|and physical tip of the probe is larger than one probe ti pg¢nsation
method$ are typically utilized to apply correction procedures fects to
enable measurements closer than half the probe diameter [131 Hz.
Table 1 — Area scan par
Parameter ( @\7’ tra}sqﬂWncy being tested
( \\/f/s 3/C\-Id<|z \ 3 GHz < f < § GHz

Maximumn distance between the measured poiqts ) 5 1\1/ sin(2)/)2+Q,52

(geometric centre of the sensors) and the inner
phantom] surface (z,,, in Figure 6 in mm)

\%ﬁ%half of the
corres ding zoom scan

Maximum spacing between adjacent measured points
(see 7.2/10.3.1, in mm)?®
lehgth, whichever is

60/f or half df the
corresponding zoom
scan length, whichever

smaller is smaller
Maximuin angle between t rohg axis a dt > 30° 20°
phanton] surface no/m\l (&in
Tolerange in the pr 1° 1°

a Sist lane Mdent normally on a planar half-space.

incrg
freqy

b See ay be seJécted for individual area scan requirements.
¢ The ith xespect to\the phantom surface normal is restricted due to the degradation in the
mea

ith steep spatial gradients. The measurement accuracy decreapes with

iction at

Table 2 — Zoom scan parameters

Parameter DUT transmit frequency being tested
f<3 GHz 3 GHz < f<6 GHz

Maximum distance between the closest measured 5 5in(2)/22
points and the phantom surface (z,, in Figure 6 and
Table 1, in mm)
Maximum angle between the probe axis and the 30° 20°
phantom surface normal (« in Figure 6)
Maximum spacing between measured points in the 8 24/
x- and y-directions (7.2.10.3.2, in mm)
For uniform grids: 5 8-f
Maximum spacing between measured points in the
direction normal to the phantom shell
(Az, in Figure 6, in mm)
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Parameter DUT transmit frequency being tested
f<3 GHz 3 GHz < f<6 GHz
For graded grids: 4 12/f

Maximum spacing between the two closest measured
points in the direction normal to the phantom shell
(Az, in Figure 6, in mm)

For graded grids: 1,5 1,5

Maximum incremental increase in the spacing between
measured points in the direction normal to the phantom
shell (R, = Az,/Az, in Figure 6)

Minimum edge length of the zoom scan volume in the 30 22
x- and y{directions (L, in 7.2.10.3.2, in mm) (

Minimum edge length of the zoom scan volume in the 30
directiorl normal to the phantom shell
(L, in 7.2.10.3.2, in mm)

Tolerange in the probe angle 1° /\ \ \ko

a8 §is the penetration depth for a plane-wave incident normally on a p r half- %&
b This|is the maximum spacing allowed, which may not work for all ciroumst k

points alpng
uniform grid
(Bzp = Azy)

zoom SC}D for

zoom scan for
points along
graded grid

IEC
NOTE M im of the
angle a b igtance z,,,
is from th hnd Table
2. The di ...) are the distances from measurement points M, to M, ,. For uniform|grids, Az,

are equal 4 > Az, R, = Az, ,/Az, is a ratio with a maximum value given in Table 2.

6.4.3 SAR measurements of handsets with multiple antennas or multiple transmitters
6.4.3.1 General

Handsets with multiple antennas or multiple transmitters (with single or multiple antennas)
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. The
field summation method and the associated measurement instrumentation requirements for
correlated signal waveforms are different from those for uncorrelated signals (see
IEC TR 62630) [62].
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6.4.3.2 SAR measurements for non-correlated signals
6.4.3.2.1 General requirements

The following procedures are applicable to devices incorporating multiple operating modes
that are intended to operate simultaneously using:

a) multiple frequencies (f;, f,, etc.) that are separated by more than the valid frequency
range of the probe calibration or the tissue equivalent liquid, whichever is the smallest
(i.e. when the SAR cannot normally be assessed simultaneously using the same probe
and liquid);

The valid frequency range of probe calibration is typlcally narrow (eg +5O MHz to

ce, electric

e probe

ange of

dielectric

Due to

mbined

oice\call using CDMA

and ion and
tisst

In th i ulations in the same frequency

neously.

How scribed

in A stimate

of th signals
(e.g

In 6.4.3 ition (left

cheek, 2 battery).

Subclay rdtive evaluation procedures for simulfaneous

transmig o following prerequisites apply for the alternative

methods.

e The ately at
each on and
trang

e The ly when
the % hat test
compi ).

Different alternative_methods may be used for different test combinations. The altefnatives

are summatized as follows.

— Alternative 1: Summation of peak spatial-average SAR values — simplest but most
conservative method to find upper bound; always applicable (6.4.3.2.2).

— Alternative 2: Selection of the highest assessed peak spatial-average SAR value — simple
method; applicable under some circumstances (6.4.3.2.3).

— Alternative 3: Calculation of combined volumetric SAR from existing area and/or zoom
scans — accurate and fast method; always applicable (6.4.3.2.4).

— Alternative 4: Volumetric scanning — most accurate method; always applicable (6.4.3.2.5).

The DUT measurement is deemed to fully comply with the requirements of this Standard if it
meets the requirements of one of these alternative evaluation procedures.

Alternative 1 is the most conservative and computationally simple and it requires no additional
SAR measurement. Alternatives 2 and 3 successively reduce the degree of over-estimation,
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but require greater computation and test analysis. Alternative 4 provides the least
overestimation and requires the most effort.

6.4.3.2.2 Alternative 1: Evaluation by summation of peak spatial-average SAR values

This procedure is applied to determine the upper limit of the combined SAR in a conservative
way when the same maximum output power of each transmitter or antenna is used for both
standalone and simultaneous transmission. Note that the different peak spatial-average SAR
values being summed can be at different spatial locations. This procedure will overestimate
the combined SAR in this case. This procedure is always applicable. The following
procedures shall be applied using full SAR measurements that comply with all of the

normative requirements of this standard. Fast SAR measurements may be used to identify the
hlghest QAD 'I'cei‘ r\nnr\luhnne 'Fnr aanh 'Fraqnanr\y hon.d as r*lacr\nhcrl |n a R

ot

a) For [a test combination where simultaneous operation is intende spatial-
avefage SAR values for each antenna and frequency band wh ' beration
is intended (see NOTE 1, NOTE 2 and NOTE 3 below).

b) Chefk if the maximum summed SAR value is within 3 dB of the ic® init. If so,
ensuire that all of the required test frequency channels jr S ed in all
frequency bands and for all antennas at which simu ‘ ion\ is intenged and

repgat Step a).
c) The[maximum summed SAR value in Steps a) affd b

NOTE 1 |The SAR value at each frequency band corre freguencys channel tested in thgt band at
which the| i . . opriate subset of frequenties to be
measured 8 measuring at fewer frequencies|than this
subset is i i e’lowest, middle and highest| channels
in a band , the peak-spatial average SAR at the lowest
frequencyf ad. If only the SAR at the middle frequency
channel | He peak spatial-average SAR at the middle
frequency

NOTE 2 fation s i addthe highest peak spatial-average SAR values applicpble to all
simultane issi binati st“condition. In other words, the highest peak spatial-
average ¢ g onditions at that frequency band) is added to the highest
peak spalfial- e ency band (among all test conditions), and so on for|the other
frequencyf S jon is\int&nded. Each of the test combinations that is considgred using
this meth¢d i ] IM& o ). THis method is more conservative than the method of Stgp a).

NOTE 3 ing i ifi aximuw SAR Aest configuration, it is acceptable to conduct volumetric schnning on
that confi i ing .5 to—ebtain a more accurate estimate of the maximum combined SAR.

6.4.3.2. ative 2: dluation by selection of highest assessed maximum peak

This prd i stimate of the multi-band SAR when the separately measurgd zoom
scan S/ istributions have little or no overlap The maxima are then separated to puch an
extent uld not
i & aneous
operating modes are added. ThIS alternative is only applicable |f the hlghest peak spatial-
average SAR is less than 70 % of the compliance limit, as calculated from the zoom scans at
each frequency. This procedure shall be applied using full SAR measurements that comply
with all normative requirements of this Standard.

a) Measure the peak spatial-average SAR at each frequency separately according to 6.4.2.
The area scan shall be performed in the same plane at each frequency. The distance z,
for all area scans shall be less than or equal to the smallest z),, value defined in Table 2
for the frequencies of interest. The probe tip diameter shall comply with the requirements
of 5.1 at all of the frequencies of interest and it shall comply with the calibration
requirements in this Standard.

b) The separate area scans shall be interpolated such that the overlapping area has the
same grid. The resolution of the interpolated grid shall be 1 mm or better. Find the peak
value in each of the area scans. The overlapping area shall contain all SAR peaks.
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c) For all measured area scans, create a new SAR distribution by adding the interpolated
area scans spatially, i.e. point-by-point.

d) If the peak value in the new SAR distribution created in Step ¢) does not exceed the
highest of the separate maximum peak SAR values found in Step b) by more than 5 %,
then the multi-band SAR is selected as the highest of the separate peak spatial-average
SAR values calculated from the zoom scan, as calculated in Step a).

The uncertainty according to 7.3 shall be assessed, documented and recorded.

6.4.3.2.4 Alternative 3: Evaluation by calculated volumetric SAR data

This procedure uses eX|st|ng area and zoom scans (or speC|f|c 3D scans covermg the area

scan reior lumetric

SAR d le. This

procedure shall be applied using full SAR measurements that compl rmative

requirernents of this Standard.

a) For p test combination where simultaneous operation is int umetric
SAR distribution over a region corresponding to the area cy band
whe i i is have
bee i , , , , . : inty Method used shall
be W i i

b) Add J polation
accordi 5.1, 2 ous operation is intended,
this ‘ ¢y  channel according to the
reqyi of64322)

c) Use i jefi 325 apd Annex C to determine the peak
spat i

d) Chegk if the maximun il e R> value is within 3 dB of the compliance
limit sqei st frequency channels in 6.2.5 haye been
meagured |n all fre i imdltaneous operation is intended, and repeat
Steps a) to ¢),

6.4.3.2.5 AIteg ;

This pr always

applicah (device

position igura essory) where simultaneous transmission is intended. This
procedure opli ng full SAR measurements that comply with all of the ngrmative
requirerf %

a) For |a testspmbination where simultaneous operation is intended, ensure that tHe zoom
scaf éasured according to 6.4.2 at all test frequency channels specgified in
6.2.p\(see NOTE 1 of 6.4.3.2.2) for each frequency band at which simultaneous operation

is intended:
b) For each frequency band of Step a), select the frequency channel having the highest peak
spatial-average SAR.

c) Determine a volumetric grid that encompasses the zoom scans at the test frequencies
determined in Step b) over all of the frequency bands at which simultaneous operation is
intended. If the zoom scans at frequencies f, f,, etc. are so far apart that the volumetric grid is
very large, resulting in very long measurement times, an acceptable variation of this is to identify
all zoom scan locations for each frequency channel in Step b) and apply the alternative procedure
in Step d).

d) At each frequency channel determined in Step b), measure the volumetric grid found in
Step c¢). This volumetric grid measurement adheres to all of the requirements of 6.4.2,
Steps d) and e) except that the volumetric grid is larger than the zoom scan. If it was
decided in Step c) to use zoom scan locations instead of volumetric grid, then at each
frequency channel determined in Step b), measure the zoom scan for the other
frequencies at exactly the same locations as for each previously measured zoom scan in
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Step a). The measurement is conducted with the operating mode at that frequency turned
on and the operating modes at the other frequencies turned off.

e) Add the SAR distributions obtained in Step d) spatially to obtain a summed SAR
distribution. Calculate the maximum combined SAR from the summed distribution, using
the post-processing procedures (interpolation, extrapolation and averaging) defined in 6.5
to determine the peak spatial-average SAR. When volumetric scans are performed for
each frequency, these shall be summed and the maximum peak is determined based on
the total distribution. In case only zoom scans are performed in Step d), the zoom scans at
each peak location in each frequency band are combined and the highest one is identified
to compute peak spatial-average SAR.

The tested device should be fixed on the phantom when the liquids are changed so that the
H a o - AR o HI HP PP e g ate e Sera-aiale e oG - o _dev'ce

needs fo ihremains
position < harging
6.4.3.2.6

pf peak
spatial- strative
purpos and four

from single-band
s four operating mofes and
vthe combined SAR|values.
¢d for this example. The four
odes, each in two fréquency
ave all been measured at the centre

: d operation (one operating mpde and
tenna are switched off). The SAR values

ird column for Antenna 2. The cgmbined
i.e/simple summation of the 10 g peak|spatial-
). For this example, the handset suppgrts only
ode at a time, and it supports simultaneous
¢, a voice mode is not combined with anothgr voice
A ents on the left side of the head are not combined
e_right/side. However, it is intended for this example that the

to determine the combined SAR value using Alternative 1

NN
)nte na\l/ Voice Voice Data Data
w Band 1 Band 2 Band 1 Banf 2
Left Right Left Right Left Right Left Right
Antenna 2 0,285 0,250 0,333 0,315 0,512 0,489 0,593 0,574
Voice Left 0,141 0,653 0,734
Band 1 Right 0,120 0,609 0,694
Voice Left 0,131 0,643 0,724
Band 2 Right 0,130 0,619 0,704
Data Left 0,220 0,505 0,553
Band 1 Right 0,213 0,463 0,528
Data Left 0,225 0,510 0,558
Band 2 Right 0,216 0,466 0,531
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6.4.3.3 SAR measurements for correlated signals

Handsets 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 handsets can be classified based on
the change of relative phases in a normal communication. In general, there are two types of
signals that can be found in the most recent generation of multi-antenna transmitters. The first,
referred to as Type 1, are signals with relative phases unchanged for 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. Thus, as soon as the transmitting direction is determined and the pattern is formed,
the relative phases will be fixed for a certain duration, and will only change wh diation
pattern |is configured to another form. In fact, the duration that re
unchanged is relatively long compared with the duration of a symbo
On the pther hand, the second type of signals, referred to herein a
relative |phases that vary quickly over a relatively short period,/St i ound in
systemg utilizing MIMO techniques. Relative phases of signals Wi ' symbol to
symbol |due to the function of space-time block code ( CONIN Y
relative [phases of signals are changed from symbol to symbal avordi
and begm-forming is not used during normal communjcations

As explpi als be transmitted at tHe same
carrier ﬁrequency and SAR depends 0 éen the signals. Therefore

the pea 6 te usjng scalar E-field prohes from
one me [ ase’ condition if those phgses are
subject e device. Instead, for precife SAR
evaluatipn, ihg Y0 all phase combinations betwgen the
transmifters are needed. S irfg evaluation and may not be practical
unless fertain SAR systs C i enable fast SAR scans combined With the
softwarg¢ control of D[ yo~all possible phase combinations of the| signals
transmifted simultanequsiyé ir higf ime-averaged output powers. In general, it is also

possiblg to acc ial-average SAR of each individual trapsmitter
transmifting sep me-averaged output power using single SAR
measur¢ment. ; complex vector E-field measuremenfs (i.e.
measur¢ments o e of all three E-field components) and is therefpre less

practical.

The altgrpe akes advantage of the conventional SAR systems is based on
SAR mes h transmitter transmitting separately at the highest time-ajeraged
output powe Y ‘cogmbiping the individual SAR results as described in IEC TR 62630 [62].
This ap c o much faster SAR measurement but provides only an upper Hound of
the SAR thereforefotentially overestimating the results. IEC TR 62630 descrihes two
methods$ “of/combining the SAR from individual measurements using the conventional scalar
E-field probes. The first method is based on combination of the magnitudes of individual
E-field values and the second is based on magnitudes of the individual E-field components.
These two methods can be implemented using conventional SAR measurement systems and
require only a limited number of SAR scans equal to the number of transmitters. The second
approach based on combination of the individual E-field components should be used since it
leads to a lesser degree of potential SAR overestimation and many SAR systems readily
provide the required input data for post-processing described in [62]. The measurement
procedure for different types of correlated signals is described in Figure 7. For the Type 1
signal in the aforementioned classification or unspecified signals, the second approach based
on a combination of the individual E-field components should be used, which leads to a lesser
degree of potential SAR overestimation and many SAR systems readily provide the required
input data for post-processing described in [62]. For the Type 2 signals in the aforementioned
classification, using the approach of time-averaged SAR measurements (see NOTE below)
requires only the measurement procedure defined in 6.4, with the use of conventional scalar
probes.
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NOTE Another method is to measure time-averaged SAR in a certain averaging period using conventional SAR
scalar measurement systems. This method can be only applicable to the devices generating Type 2 correlated
signals. This supposes that the combination of relative phases which yields the maximum SAR does not frequently
occur, and even when it does, it occurs for a very short time before being dominated by other combinations which
yield lower SAR. Since SAR is determined by the electromagnetic energy absorbed in the exposed tissue-
equivalent target material, introducing the time-averaging procedure is suitable for the evaluation of SAR under
such rapidly fluctuating electromagnetic fields. To evaluate the time-averaged SAR from such devices, all
transmitting antennas are turned on as they are in a normal communication at the same time, and instantaneous
SAR values are measured at each measurement point with a sampling-time interval and averaged over a time
duration appropriate for capturing the signal characteristics.

This method has the benefit of using a conventional scalar probe and, furthermore, provides measured SAR that is
close to actual SAR. It also requires only one time-averaging measurement at each measurement point required by
the measurement procedure in 6.4, regardless of the number of transmitting antennas. The averaging time for a
multi-antenna system, however, is longer than that for a conventional single transmitting antenna case. Also, when
the number_of antennas increases, the averaging time would be slightly longer to obtain corverged SAR, because

the time-fluctuation of the instantaneous SAR increases along with the increase of the nas. The
averagind time also depends on the sampling rate of the probes of SAR measurement ed as the
sampling { ment rate

of 1 250 { pous SAR
values dy Brtainty is
evaluated| multiple
transmitti

Types of signals
are known?

Determine and set
Averaging time

Measure SAR

according to 6.3 and

6.4 with all antennas
on

IEC

Figure 7 — Measurement procedure for different types of correlated signals

6.5 Post-processing of SAR measurement data
6.5.1 Interpolation

The resolution of the measurement grid is not as fine as that required by the interpolation
requirements for the area and zoom scan to compute the peak spatial-average SAR.
Interpolation shall be applied to the measurement points. Examples of interpolation schemes
are given in Annex C.
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6.5.2 Extrapolation

The electric field probes used to measure SAR usually contain three orthogonal dipoles in
close proximity and embedded in a protective cover/case. The measurement (calibration)
point is situated a few millimetres from the tip of the probe and this offset shall be taken into
account when identifying the position of the measured SAR. Because of probe boundary
effect errors and probe sensor offset, SAR is not measured at the surface of the phantom.
The measured points closest to the surface are extrapolated to estimate the highest SAR at
the phantom surface. Examples of extrapolation schemes are given in Annex C.

6.5.3 Definition of the averaging volume

The ave rnging volume shall he in the Qhapp of a cube with side dimensiop-that establishes a
1 g or 10 g mass. A density of 1 000 kg/m?3 shall be used to represent thd head\tissti¢| density
(actual phantom liquid density shall not be used). The side length cuke phall be
10 mm, [and the side length of the 10 g cube shall be 21,5 mm. The/0 i cubical
volume s given in Annex C.

6.5.4 Searching for the maxima

The culjical averaging volume shall be shifted througheuf the int§ apolated
zoom-s¢an volume at the inner surface of the phantom in icini aximum
SAR, using considerations such as those given in Ann . i i st peak
spatial—%verage SAR shall not be at the edge/pe | . ase it is,
the zoom-scan volume shall be shifted

6.6 Fjast SAR testing
6.6.1 General

Measur¢ments using syste vith i [ ard are
referred| to as "full SARY 3 y RN ) i in 6. st SAR

method$ that differ fr \ : NS i niques,
method$ or algo, j ' rements
can be Jused tog ent time

needed ith all the
normati R levels
for diffe AR systems are used to assess the absolute SAR levels
of selec ations. The special techniques used by fast SAR methods are

expected to introduce additional offsets and/or uncertainties which may be dependenft on the
operating XN GSM\ WCDMA or frequency, modulation).

NOTE The Fast-SAR prosedures described in 6.6 allow users of this Standard to save time required f¢r testing.
These teqgti v are not mandatory; the user of this Standard remains free either to apply them properly
according| t0.6,6.1 to 6.6.4 in conjunction with full SAR or to follow the standard full SAR measurement procedure
describedlin'6.3 to 6.5

For example, a fast SAR system using a fixed measurement resolution will have higher
measurement uncertainty at higher frequencies, where the SAR distribution generally has a
faster decay in the three coordinate directions (this is the reason why a smaller spacing
between measurement points is required at higher frequencies, as described in 6.4.2). For
this reason, full SAR measurements shall be used for the highest SAR test condition and
other test conditions within a 95 % confidence level of the highest SAR test condition of the
SAR limit, as determined by the fast SAR methods (see 6.6.2 or 6.6.4).

Fast SAR methods do not fall in the class of test reduction methods. Fast SAR methods
generally aim to decrease the time spent to perform a single measurement (as described
below) and test reduction methods aim to reduce the total number of measurements to be
performed. In general, fast SAR methods are based on approximations and optimizations that
are specific to each implementation. For this reason, the individual method shall be fully
validated to determine its applicability for testing different wireless devices, as described in
D.4.2. The valid range of frequencies, SAR distributions and SAR levels applicable to the fast
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SAR method shall be documented, as described in D.4.2. The users of a fast SAR method
shall perform a system check to demonstrate the reliability and consistency of the method, as
described in D.4.3.

Fast SAR methods can be classified into two types which are discussed in 6.6 and Annex K.

The class of fast SAR methods described in 6.6 is based on measurements made by
equipment that conforms to the requirements of this Standard, but special techniques are
applied to improve the measurement speed. This class of methods is based on scanning and
post-processing requirements of the individual fast SAR method used to reduce measurement
time, with less accuracy or higher measurement uncertainty than the full SAR measurement.
The fast SAR methods described in 6.6 shall comply with the following normative parts of this
Standar(d.

e The|probes used shall comply with all of the normative reg
Standard, including the requirements for probe dimensions, is
dynamic range, linearity, operation with modulated signals 2
methods shall be used only at the frequency ranges wh
met.

e The

e Tiss

given| in this
> \>0Iut|on
ast SAR

6.2 and
ositions

hent, as

shall comply with the requirementsg of 6.3.
ment is performed shall cover at least|an area

ast SAR methods aim at reducing the number of
adified or different alternatives to the area and zoom scans
umber of measurement points are decreased, measurement
bt requires less mechanical movements. In particular, some of
3 rse area scan to extrapolate the volumetric data required to
ge SAR.

formed.
andard,
shall be

conducted accordlng to the requwements of CIause 8.

Several publications related to different fast SAR methods specified in 6.6 are available.
However it is beyond the scope of 6.6 to produce an exhaustive list of publications. In other
words, 7.4 and Clause D.4 focus on the general requirements applicable to validate and verify
a fast SAR procedure for testing individual wireless devices and to determine the
measurement uncertainty, rather than providing details for specific fast SAR methods.
Annex K describes another class of fast SAR methods that is not based on measurements
made using equipment that conforms to the requirements of this International Standard and
also provides examples of how to estimate the fast SAR measurement uncertainty.

6.6.2 Fast SAR measurement procedure A

This fast SAR measurement procedure A shall be applied if the goal of the assessment is to
determine the maximum SAR of a DUT.
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The following steps shall be applied when using a fast SAR procedure. See Annex K for
descriptions of specific examples for how this procedure is applied. Before applying this
procedure, ensure that a system check of the fast SAR technique has been performed, using
the method of D.4.3. The system check shall be performed within 24 h before the fast SAR
measurement and on the same SAR measurement system used for the SAR evaluation. The
system check of the full SAR method shall also be performed, as stated in Clause D.2. The
system check for the fast SAR method and the full SAR method may be performed using the
same set of measurements, as long as the requirements for both system checks are fulfilled.

a)

b)

c)

Use the fast SAR method to perform measurements required in 6.3 on a chosen set of test
configurations. During the fast SAR measurements, the scan region for each test
configuration shall cover at least the area exposed and encompassed by the projection of
the handset. The number of SAR peaks and their locations in each test configuration are
determined as described in 6.4.2, Step c). The test configurations tha ire SAR
evalpation shall be grouped separately for each frequency and n if the

device has multiple frequency bands and modulations and the fast applied
to perform measurements on the N groups of test configurations, Tk ikelihood
of having to perform additional full SAR testing in Step i may be
performed during Step a) at the required test frequencies\of 6.2 it j8 likely that
these requirements apply.

For [each of the N frequency bands and modulations : the test
confliguration having the highest SAR value meaglred by he ast S , fenoted
SARNax fast i (i = 1 to N). Use the full SAR met od in 6.3; a

reddced area scan as it is defined a3sure each of the N|highest

SAR test configurations identifig SARmax funl - Select the
maximum value among the N test contigurati Rnax full = Max(SAR oy s ;)- [It is not
nece¢ssary to repeat the entire areaxscan_ during the SAR measurement when the
nun{ ast SAR measurement; howeyer, the
positi iopy of this procedure

For 3 G equirements of 6.3 apply except that the

surr 5 est each)SAR peak shall be measured. The [location
of th \ measurements can be used to optimize the

num educed area scan. The number of SAR peaks
found during f 5 ach test
confjguration e . i i petween
the fast and rex 2 ; slightly
diffefrent relative to™t goordinates (for example, the (x,y)-position of the device
with|respe i i ithi i Sitioning

tolenance), Thewxi i i shall be
meagu N he & i i i le 1.

Fro K the i-th
one |corresponding, to SARmax,full in Step b). For this i-th group, use the full SAR|method
accqrding fo tf p i it i [ [ , Step b)
can mber of
fast 'S ‘ et:

[ 2
SAR fast; ; > SAR max,fast; % (B fast; ~ Bfastl» - 1) (10)

Byt ; 18 calculated according to Formula (11):

L (11)

Brast, =
T (164 Uf‘,,,stl_}E

Usast; in Formula (11) is the measurement uncertainty of the fast SAR measurements
according to 7.4, which corresponds to the standard uncertainty (¢ = 1) from the
uncertainty budget of Table 14. The positioning of the DUT is critical in the implementation
of this procedure. Note that Formulas (10) and (11) are derived for a 95 % confidence
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d)

interval ~ where  SARgyy, ; < SARmaxfast, - THIS confidence interval is given as:

(SARmaxyfastl_—SARfastl_J_)—1,64Ufasti\/SARmaX’fasti +SARfastij2 <0 - Solving for SAR;s i results in

Formulas (10) and (11), where U, is the standard uncertainty and has a Gaussian
distribution. The value of 1,64 is the factor for a one-sided 95 % confidence interval of a
Gaussian distributed random variable.

From the full SAR measurements that have been measured so far, denoted as SARg ;.
choose the highest value, SARpighest full = Max(SARy ;;); it includes all test conf|gurat|ons
for all the N different frequency bands and modulation$ evaluated. Note that SARpighest full
is greater than or equal to SAR; .., found in Step b), depending on whether the
evaluation in Step c) found higher full SAR values than Step b) did.

For each—=th groupd of ||cqucuuy bands—andmodutations \L =—4—to—thratfas—not been
evalpated according to Step c), use the threshold of Formula (12) to tep c) is
needed:

SARmax full; = SARhighest, full ¥ (Bi —BX (12)

SAR b ax full ; Was measured in Step b), SARh|ghest fu nd B; is

calcfilated according to Formula (13):

B = (13)
Utuil; is the measurement uncertainty o [ Llause 7,
corrgsponding to the s i c) shall
be 3applied on that i- lues for
Beaol; (and real v » 24U ? is less than 1/1,64 = 61 %.
Thefefore, fas s\are ot alidNfor Usggt ; 2 61 %. It should be apparent from the
procedures @ a erh will not be useful if its uncertainty appfoaches
this |value. As of he ast SAR system increases, there is an ing¢greasing

effic
fast

ency pen ' ¢ full SAR measurements are required until, when the

ater, only full SAR measurements are acceptable.

NOTH ? 5 derived for a 95 % confidence that the highest full SAR value [n the i-th
frequpng 8 J Q xfull ;) is below SAR., . stfull” These formulas are very pimilar to
Form . e main d|fference is that the root-sum-squared of U, ; i ; 1§ used in
FormpTa he total uncertainty when comparing SARmaX funl ; @and SAR,, hest,full” The uncertginty Ufu”l
is appli values have been measured by the full SAR method, and the uncertainty Utast 1 18

appligd becausSe both SAR values have been selected as the highest SAR values in their respective frequency
bands$ apnd modulatiop$ based on fast SAR measurements. In other words, there is an uncertainty (U, ;) in
the measUred fast SAR values (SAR, . ;.. ;) that were used in Step b) to select which full SAR meagurements

to petform and there is an uncertainty /U - \ in the full SAR measurements

and U,

Use the full SAR method to measure any other test configurations that have not been
tested by the fast SAR method in Step a) and are not excluded from testing by this
Standard or by applicable national regulations. This includes ensuring that the
requirements of 6.3, Step 2) are met regarding testing of all required frequency bands and
frequency channels across the applicable frequency band using the procedure of 6.6.3.

6.6.3 Fast SAR testing of required frequency bands

If fast SAR procedures of 6.6.2 are applied, a procedure to ensure that all of the required
frequency bands and frequency channels of 6.3 have been tested is to apply the following
steps. Note that the positioning of the DUT is critical in the implementation of this procedure.

a)

Identify all test configurations where fast SAR measurements were made at the channel
that is closest to the centre of the transmit frequency band and where testing across the
applicable frequency band has not been conducted.
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Group all of the test configurations found in Step a) together, regardless of frequency
band or modulation, and sort them in descending order according to the ratio

R; = SAR¢4st 1/ SAR)imit (Where SAR;,;; is the applicable SAR limit for that test configuration).

Perform full SAR measurements (according to the procedure in 6.4.2, a reduced area scan
as it is defined in 6.6.2, Step b) can be used) on each test configuration identified in
Step b) in the sequence k = 1, 2, 3, etc. (unless this measurement has been conducted
already) when the k-th configuration to be measured meets the condition of Formula (14):

SARjimi —
SAR¢ast, 2 Rmin % %X [Bfast =y Brast” —1 j (14)

where R,..., is the minimum of all available fast SAR and corresponding full SAR

P

othelr words, By, is the smallest of the B;,g;; values in Formudé Bsidered
frequiency bands (i.e. the one having the highest uncertainty L

meaLurement results ratios R :min{SARfastk /SARfu”k}, Biagt=1/|1

d) For all test configurations where S4Ry,, is within 3 dB of the imit inf Step c),
meagure the SAR at all of the required test frequencie > i method
or the full SAR method may be used for this purpose.

e) If a fast SAR method was used in Step d), appl y bands
and [frequency channels and modulations to che equired
for those test configurations.

6.6.4

This fast SAR measurement procedure 2 AR if the main goal of the assesgment is

to demd icable SAR limit when the gccurate

determination of highest SAR i

The follpwing steps sha igd sing a fast SAR procedure. Before applying this
procedyre, ensure, tha S eckyof the fast SAR technique has been performef, using
the method of /4.3 3 ’ CK [ be performed within 24 h before the fast SAR
measurgment andho measurement system that is used for the SAR evpluation

of the handset unde

a)

b)

Use|the fast & ¢ d_to~perform measurements required in 6.3 on all availgble test
configura are excluded from testing by this Standard or by applicable
nati nCludes ensuring that the requirements of 6.3, Step 2) Jare met
regd required frequencies across the applicable frequency band using
the 3. The test configurations shall be grouped separately pgr the N
diffrent fraquenc bands and modulations evaluated.

NOTHE  <The fast SAR procedure can be used for some or all the frequency bands and modulations.

For sachof the v frequency bands and modulations evaluated i Step a), find the test
configuration having the highest SAR value measured by the fast SAR technique, denoted
as SARax fast ; (i = 1 to N). Use the full SAR method (according to the procedure in 6.4.2)
to measure each of the N test configurations identified in this step, denoted as SAR 4 ¢y ;-

Select the maximum value among the N test configurations, SAR a4y funl = max(SARmax full i)-

For all of the N groups of frequency bands and modulations defined in Step a), use the full
SAR method (according to the procedure in 6.4.2) to measure all other test configurations
{i,j} (j =1 to M, where M is the number of fast SAR test configurations in the i-th group) at
the channel giving highest fast SAR result if the condition of Formula (15) is met:

2
SARfastiJ 2 SARjimjt % (Bfastl» - Bfast,- - 1] (15)

Byt ; i calculated according to Formula (11).
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d)

The flowchart/in Figwre 8 describes the fast SAR measurement procedure B.

Usast ; in Formula (11) is the measurement uncertainty of the fast SAR measurements
according to 7.4, corresponding to the standard uncertainty (¢ = 1) from the uncertainty
budget of Table 14.

NOTE 1 Formulas (11) and (15) are derived for a 95 % confidence interval where SARgast, - < SARimit - This

confidence interval is given as: (SARimit ~ $4R1asy,; ) ~ 164 Uras, [SAR”mthrSARfaSnZ <0 - Solving for SARrast,, results in

Formulas (11) and (15), where U;_, ; is the standard uncertainty and has a Gaussian distribution. The value of
1,64 is the factor for a one-sided 95 % confidence interval of a Gaussian distributed random variable.

NOTE 2 Full SAR testing can be limited to the channel giving highest fast SAR result only when relative SAR
distributions between channels are identical. Otherwise full SAR testing for all channels is needed. In some
specific cases (e.g. narrowband signals), a visual comparison of SAR measurement plots for different channels
may be applied to ensure that the SAR distributions are identical.

For @ll the full SAR measurements conducted in Steps b) and c), calculateNand regord the

R;; ccording to Formula (16):

SARfast, , — SARfun,

R . = 16
Y SARfun,; (o)
For tions in
tha ch test
corf f ' nat test
cor fighation). The fast SAR result
shd ’ ; iy been
per bne fast
SA
If R; AR, IS
with &AR measurements for the remaining

cy band/modulation and test |position

compination {i,j}. In_additi ining test configurations where R;; < U, and
SARg, is within 3 S R-limit, measure the SAR at all of the fequired
test |channels tising ei i SAR method. If fast SAR method s used,
Steps c¢) anh < Qr thé new fast SAR value(s) to ensure all ngcessary
full $AR measufe S :

Fror
deng
all t
mod

menty that have been measured in Steps b), c), d) and e)
he“highest value, SARpgnest fuil = MaxX(SARy, ; ;); it [ncludes
ne i-th group, for all the N different frequency bands and

NOTHE
evalu

s\gregter than or equal to S4R . ., found in Step b), depending on whether the
) ore) found higher full SAR values than Step b) did.
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rd
l ‘ Preparation of System W R’J> N

Urast

@ QYES

I
For each test configuration where R ;; > Usast 1.
perform full SAR (6.3) for all remaining test

Group all configurations separately
per frequency band and modulation

e’

configurations in frequency band and

modulation (i) at test channel having the
Q highest fast SAR result
-
Perform fast SAR Measurements
6.6.4 st
k { step () NO //\\\ All tests in
‘/ 6.6.4 step (d)
| m— |
{} pertored
All tests in
| 6.6.4 step (a) ro A <\
performed?

Calculate thé R |
YES configurations te ed ingfull S %
& q measme s (b)to >
\W j AN
( Perform full SAR measurements

AV
AN
(6.3) for test configurations with
AN 0

F:n eé"ch ‘YEonfiguratiDn where

¢ 2 Utasts, gnd SARzy within 3dB of SAR ~_~
limit; full SAR (6.3) for all required
test channels (6.2.5).

AN

:> highest fast SAR value for each
L frequency band and modulation

6.6.4 step (b)

\>
— - - ™
For all remaining test configurations where j

@

R W< Ulast i, and S4Ryy within 3dB of SAR limit,
measure SAR for all required test channels
(6.2.5) using either fast or full SAR method.

I/
jk

-

~
-

If fast SAR method is used, repeat steps c) to
d) using new fast SAR results to ensure all full
SAR measurements have been performed.

-

eR,, or = = ~
co flg tlons tested using fuII SAR Determine the maximum
eas in steps (b) and (c) psSAR for all full SAR

measurement performed.

-

IEC

Figurp 8 —The F

6.7 SAR test reduction
6.7.1 General requirements

The number of SAR measurement tests required to identify the configuration giving the
maximum peak spatial-average SAR for a DUT capable of transmitting in several bands and
with different usage configurations can be large. This is also the case if the DUT can be used
with different accessories. The total measurement time required to test a personal wireless
communication device can be reduced by using fast measurement techniques that reduces
the measurement time for each test or by directly reducing the number of tests to be
conducted. The first approach is described in 6.6 and the second approach is described in 6.7.
Combining test reduction techniques with fast SAR measurements requires further
investigation which will be considered in subsequent revisions of this Standard. SAR test
reduction methods applied during testing shall be reported as described in 8.2, Step f).
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In 6.7, alternative approaches for reducing the number of test are presented. These
approaches are:

o test reduction for different operating modes at the same test frequency band using the
same wireless technology;

e test reduction based on characteristics of the DUT design;

e test reduction based on peak SAR level analysis;

e test reduction based on simultaneous multi-band transmission considerations

Full SAR measurements shall be applied to evaluate each of the test reduction approaches.

NOTE 1 the same
wireless tp
NOTE 2 required
for testin >to apply
them or tc
6.7.2 Test reduction for different operating modes in s using
the same wireless technology
If differd cedures
may be r power
operatm aximum
exposuf
a) The
b) The
c) No bdy and
mod
d) The
e) Eith itude or
the mody.
f) The libration
certifi h mody
and
g) The d for all
ope
h) The
i) The
BH '
Ry =l—% _1<03 (17)
BWmodx

To reduce the number of tests required, the following procedure may be applied if all of the
above conditions are met:

NOTE Both GSM and GPRS use GMSK, which is a constant amplitude modulation; therefore, the maximum time-
averaged output power with respect to the maximum number of time slots used in each operating mode can be
used to determine the most conservative operating mode for SAR testing. Similarly, EGPRS (which uses GMSK
and 8PSK) can be included with GSM and GPRS in this determination of the most conservative operating mode for
SAR testing due to its innate similarities to GSM and GPRS. On the other hand, WiMAX uses OFDMA with high
peak-to-average power ratio where the SAR measurement error is expected to vary with power.

Step 1 Test all operating modes (mody, mody, etc.) in any one of the standard test
configurations (e.g. left ear, touch position).

Step 2 Fully test in all standard test configurations for the operating mode that had the
highest SAR value in Step 1.
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Step 3 Fully test in all standard test configurations all other operating modes evaluated in
Step 1 for which both of the following conditions apply:

o the SAR measured in Step 1 for the operating mode under consideration is
within 15 % of the SAR value measured in Step 1 of the highest SAR operating
mode (i.e. the operating mode chosen for use in Step 2), and

o the highest SAR in Step 2 is within 15 % of the applicable SAR limit.

The 15 % margin corresponds approximately to half the maximum expanded measurement
uncertainty of 7.3.2.

6.7.3  Test reduction based on characteristics of DUT design

There i$ a wide range of different designs of mobile phones on the market. The(SAR data

analysig in Clause L.2 has shown that the following test reduction inciples
can be applied for mobile phones with internally mounted antennas 4 uencies
betweer vithin a
handset sidered
if furthef

For DU 1 in the
bottom device,

when t
operatin
For othe
channel
of the o

frequency bgnd and
ilt position is not required.
ition using the highest SAR
below the SAR limit] testing

The follpwi iti iple copmmupisgtion modes within the same wireless
technold applythe test reduction procedure in §.7.3.

a) The| same RF

comfponents, efc.).
b) Thefsame a @

antenna feed-point, matching

c) Nol
d) The
When 9 nea! device,
regulatgry ire i i highest
maximupyoutp N pRwer toyapply the applicable threshold for determining test reduction. To

apply additional test\reduttion for DUT using the same bottom-mounted internal ant¢nna for
multiple ' modes within the same wireless technology and frequency| bands,
select the.communicdtions system with the highest maximum time-averaged output power and
perform|the’full SAR test procedure, including all configurations and test positions spefcified in
6.3. Testing at tilt positions for other communication systems within this same frequency band
is not required regardless of the SAR level in cheek position(s), if both of the following two
conditions are met.

1) The cheek position has the highest peak spatial-average SAR value for a frequency band.

2) The peak spatial-average SAR values for the configurations in the tilt position are at least
30 % below the SAR limit.

The SAR test report shall include drawings or photos illustrating the layout and locations of
antennas in the DUT and describing the wireless operating modes applicable to each antenna
to support the test reduction and exclusion considered. If the test reduction related to devices
with the same bottom-mounted internal antenna for multiple communication systems within
the same frequency band is to be applied, the antenna and the RF and antenna matching
circuitry shall be described for each communication system in the SAR test report.
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Clause L.2 provides the rationale and supporting information for the analysis performed to
support these test reduction and exclusion principles.

6.7.4 Test reduction based on SAR level analysis

The purpose of this test reduction approach is to eliminate the "zoom scan" session for each
single measurement test (6.4.2, Step d) when the measured peak SAR from the "area scan" is
below a threshold, by assuring that the maximum peak spatial-average SAR value will be:

e correctly assessed and not underestimated, especially when it could generate a peak
spatial-average SAR close to the basic restriction limit;

e correctly identified, even if the "zoom scan" session is not executed.

NOTE This test reduction procedure is different from the fast SAR procedure de this test

reduction|protocol, the decision to apply the complete measurement procedure ("full 1) is taken

after looKing at values measured from the area scan (not the final peak spatjdhaverage S . reover, a

threshold| value is necessary since the goal is to avoid the zoom scan fo zurement

configurations and not depend on a particular fast SAR algorithm to estimate t

In Clauge L.3, the rationale and studies supporting this tesjed ctlon =YoJo) bported.

These dtudies consider handsets operating in the GSM90 S g ds. The

protocol described below is only applicable to the abov ting modles and

frequengy bands (e.g. it does not apply to GSM850, oes not

apply t i issi spacing

parame mm, SO

they md ed at a

fixed sp surface

of the SAM phantom.

When a

1) to adjust the "area cing not
larger than 10 mm;

2) to perform casured
points (geo

The sin i alMvalid for each operating mode supported by the DUT)

is descr]

a) Mea

b) Per the, aRgasscan procedure for one of the positions defined in 6.2.4, at th¢ centre
frequen N ¥ , indi i scheme
des¢ribedi

c) Determine’ the pe ; this i i i ak SAR
(AP

d) Perform the zoom scan, as indicated in the complete measurement scheme described in
6.4.2. Evaluate and manage the measurement drift as indicated in 6.4.2, Step f).

e) For all the other positions and frequency channels to be tested, repeat the following
Steps 1) to 5).
1) Measure the local SAR as described in 6.4.2, Step a).

2) Perform the area scan procedure as indicated in the complete measurement scheme
described in 6.4.2, Step b).

3) Evaluate the peak SAR of the area scan; if the peak SAR value of the area scan is
greater than APS, determined in Step c), then APS shall be assigned to the peak SAR
value of the area scan found in this Step 3), after completing Step 4).

4) Perform the zoom scan required by 6.4.2 if the area scan peak SAR is not less than
1,3 W/kg (80 % of 1,6 W/kg) or if the peak SAR is greater than or equal to TH(f) x 4PS,
where the frequency-dependent threshold value TH(f) is defined in Table 4 below and
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APS is the absolute peak SAR. If multiple peaks (as in 6.4.2, Step c)) are required to
be measured, apply this step to all the peaks.

5) Evaluate the measurement drift as indicated in 6.4.2, Step f). If the drift is higher than
5 %, the drift shall be addressed according to 6.4.2, Step f).

Substeps 1) to 5) of Step e) described above shall be performed sequentially for all applicable
bands. The frequency-dependent threshold values used in Step e), Substep 4), are
summarized in Table 4.

Table 4 — Threshold values TH(f) used in this proposed test reduction protocol

Operating Mode TH(f)
GSM900 0,75(

UMTS VI @ /\(75‘ O

DCS1800 RN

UMTS IX @ ¢ 960 N

UMTS | \\0, \
G
an

2 3GPP UMTS-FDD Band VI and Band IX have Uplink frequencie ery\%se%\iyoo and D{S1800,
respectively. Even if only devices operating in GSM900, DCS18080.and UMTS | were consifdered in
Claupe L.2, the above thresholds shall be applied for UMT FDP{Ban Vi, and for TS-FDD Band IKX.

X

%

When the present test reduction procé

e Thelblock diagram on the left of Figure alNoevapplied.
e The| block diagram on the right\ Fi shall pe applied only for the finst SAR
meapsurement. Subsegdent SAR a all be performed according to Higure 9,

whigh is a modificatio y ihed in Figure 5.

9,
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Measurement 6.4.2 modified

-

SAR reference measurement 6.4.2 (a) \

v

Area scan 6.4.2 (b-c)

Peak No
SAR>13 AN
No
Peak SAR >
Yes TH3xA4PS
Yes x

N

{

INENLZA
S

Zoom scan 6.4.2 (d-e)

Wik Y/

All primary and
secondary peaks
required by 6.4.2
(d-e) tested?

Yes

\_ Y,

IEC

2 APS = asolute peak SAR. See 6.7.4.

b Apply this step only if zoom scan has been performed.

Figure 9 — Modified chart of 6.4.2

Clause L.3 provides the rationale for the threshold levels used in this test reduction protocol,
based on the SAR spatial gradient analysis.

6.7.5 Test reduction based on simultaneous multi-band transmission considerations

Simultaneous multi-band transmission means that the device can transmit in multiple
frequency bands at the same time, e.g. a WCDMA transmission at 2 GHz and a WLAN
transmission at 2,45 GHz. The time-averaged output power of a secondary transmitter
(i.e. the lower power transmitter, e.g. Bluetooth, WLAN) may be much lower than that of the
primary transmitter (i.e. the higher power transmitter, e.g. WCDMA). In some cases, the
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secondary transmitter can be excluded from SAR testing when used alone. However, when
the primary and secondary transmitters are used together (simultaneous transmission), the
SAR limit may still be exceeded. A means of determining the threshold power for the
secondary transmitter that allows it to be excluded from SAR testing is required.

One way of determining the threshold power level for the secondary transmitter (P, iiaple) iS
to calculate it from the measured peak spatial-average SAR of the primary transmitter (S4R,)
according to Formula (18):

Favailable = Fmax,, % (SARjim — SARq) | SARjim (18)

where

P is the maximum threshold exclusion power level, which is cafcdlated by{S4}

max,m . f x.m,
where m is an averaging mass.

Rlim

For example, an exposure limit of SAR;,, = 2,0 W/kg and an averagqi =0 g gives
total trapnsmitting power of P, ,, = 20 mW.
For an [exposure limit of S4AR);,, = 1,6 W/kg and an g = 1 g give total

transmifting power of P =1,6 mW.

max,m

The abd smitters
are tran spatial-
average er level
for the /]

(19)

NOTE The applica . i the
case whefe (i) the DU h'5 mm to
the phantpm surface is cd figuration

is needed|

7 Unq

71 Ge
711 Concept of incertainty estimation

The corfcépts of uncertainty estimation in the measurement of the SAR from wireless|devices
are based ormthe gcncldi rutes pluviu'cd 'uy ISOHEC—Guide98=3-2608 [63]. Nevertheless,
uncertainty estimation for complex measurements remains a difficult task and requires high-
level and specialized engineering knowledge. In order to facilitate this task, guidelines and
approximation formulas are provided in Clause 7, enabling the estimation of each individual
uncertainty component. The concept is designed to provide the system uncertainty for the
entire frequency range of 300 MHz to 6 GHz and for any device under test within the scope of
this Standard. The uncertainty evaluation described in Clause 7 is also designed to be broadly
applicable to SAR measurement systems that comply with the requirements of this Standard.
However, some measurement systems may require additional uncertainty analysis. Since the
uncertainties account for a broad range of devices within this scope, the uncertainty may be
overestimated for some components in order not to underestimate measurement uncertainty,
but allows for approximations, as provided in Clause 7.

It shall be noted that it is not sufficient to provide only Table 11 without the availability of a
detailed documentation of the estimation of each influence quantity including methodology,
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assessment of data for each component, as well as how the uncertainty was derived from the
data set.

7.1.2 Type A and Type B evaluation

Both Type A and Type B evaluations of the standard uncertainty shall be used. The evaluation
of uncertainty by the statistical analysis of a series of observations is termed a Type A
evaluation of uncertainty. The evaluation of uncertainty by means other than the statistical
analysis of a series of observations is termed a Type B evaluation of uncertainty. Each
component of uncertainty, however evaluated, is represented by an estimated standard
deviation, termed standard uncertainty, which is determined by the positive square root of the
estimated variance.

When a| Type A analysis is performed, the standard uncertainty u; sha 5ing the
estimated standard deviation from statistical observations. Whe lysis is
performed, u; comes from the upper a, and lower a_ limits of 9estion,
depending on the probability distribution function defining a = (a
— rectangular distribution: =4

° “=
— trianjgular distribution:
— nornmal distribution:
— U-sh
where
a isthe
k is the coverage facfoy;
u; is the standar
Predetefmined st used to
estimate uncertai on and
conditiops, etc., &
7.1.3
When the ropriate
multiplie correct
method|i Standard
deviations/of-t-distributions are narrower than normal (Gaussian) distributions, but approach
Gaussign: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 [141]. Then
the effective number of degrees of freedom of the combined standard uncertainty, u;, will
mostly depend on the degrees of freedom of the Type A contributions and their magnitude
relative to the Type B contributions. The coverage factor &, for small sample populations shall
be determined by Formula (20):

kp :tp(veff) (20)
where
kp is the coverage factor for a given probability p;
1,(Ves) is the s-distribution;
Voff is the effective number of degrees of freedom estimated using the Welch-

Satterthwaite Formula:
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e
Veff = W (21)
¢ is the sensitivity coefficient of each uncertainty component u;;
v,  is the number of degrees of freedom for each uncertainty component u;.

The subscript p refers to the approximate confidence level, e.g. 95 %. Tabulated values of
1,(vesf) are available, for example in NIST TN1297 [121].

NOTE As an example, the combined standard uncertainty calculated using Formula (21) from all the influence

quantities] in Table 11 (Column #) is u_, = 13,9 % with assumed positioning and holder ffolera ,0 % and
5,0 %. Frpm Formula (21) and Table 11, Columns f, &, and k, the effective degrees o icombined
standard pncertainty is v . = 136 so k = 2 does apply in this case, and the expanded {ncertainty i x 13,9 %

standard
» equal to
expanded

= 27,8 %.| For illustration of the effect of specific component variations, an extyém
uncertainfies for positioning and holder variations of 22 % and 15 %, respectively, V
five for epch (v, = 5). Then u, = 29,0 %, v 4 = 25, k—k =k
uncertainfy U = 2 11 XZ9O%—61 2 %.

95 = [ T lgs ¥

7.2 Components contributing to uncertainty

7.21 General

Each frg cy band
where § y range,
the unce

7.2.2

7.2.21

A protof ertainty
estimati ated by
assumin

7.2.2.2

E-field suré of the deviation in probe response to arbitrary field
polarizalti qitted by a handset are of arbitrary polarization. Howgver, the
fields in equivalent liquid have a predominant polarization component
parallel urface, due to the physics of the absorption mechanism [138].
Hemisp dncertainty  (unemispherical isotropy) 1S related to arbitrary field

polarization (ine udes axial isotropy uncertainty), and aX|aF|sotropy uncertainty (ugyia

T |sotropy)
is related tolfields™nopal to the probe axis.

The isotropy of the probe shall be measured according to the protocol defined in Annex B.
The uncertainty due to isotropy (u; ) shall be estimated with a rectangular probability
distribution given by Formula (22):

isotropy

”isotropy[%] =100 x \/(1 - wl-)>< [“axial isotropy]2 +wpx [”hemispherical isotropy]2 (22)

where w; is a weighting factor to account for field incidence angles around an imaginary
sphere enclosing the probe tip.

If the probe orientation is essentially normal to the surface (within + 30° when /< 3 GHz and
within + 20° when 3 GHz < f< 6 GHz) during the measurement, then w; = 0,5. Otherwise,
=1 (i.e. the hemispherical isotropy uncertainty dominates).
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7.2.2.3 Probe linearity and detection limits

Since the nonlinear response of the probe does not depend on the surrounding media but only
on the diode sensors, evaluation of the linearizing functions f,(V;) for a CW signal may be
done either in free space or in the tissue-equivalent liquid (for modulated signals, use the
procedure described in 7.2.2.4). This is performed by a power sweep covering the specified
SAR detection range or a range at least from 0,12 W/kg to 100 W/kg in steps of 3 dB or less.
Small TEM cells or waveguides are preferable, since high field strengths can be produced
with medium power amplifiers. The linearity uncertainty is defined as the maximum deviation
in the SAR vs. power characteristic from the best-fit straight reference line going through zero
(SAR = a-P, where a is the best-fit slope of the line, using the method of least-squares) defined
over the interval 0,12 W/kg to 100 W/kg. The linearity uncertainty for CW signal is determined
as follows:

SAR(P; )CW =100 W/kg

SAR oy Ilnearltyuncertalnty[A’]— max max (23)

JEWVE) SaR(P, Jow,; =0,12Wikg
Here, SAR is the SAR measured for a CW signal a index j
refers tp the f|efd sensor for each of which the procedure™sha angular
probability distribution is assumed for probe linearity ungertainty i able 11, Table| 12 and

Table 1

NOTE A
dielectric
levels onl

jgnificantly, causing deviatipns in the
at the liquid is exposed tohigh SAR

The pro paring the measured SAR (FAR1eas)
at a refi prence SAR, SAR o = a'Pf, at the same
power |

— 100 x | 34Bmeas | (24)

a - Bet

The refd e be chosen such that the signal to noise ratio (determined
at the m A\t 5.6 dB. This shall be verified using the data from the powel sweep.
A rectampgelar\probabii isthibuti i imi i n Table

11, Tab

7.2.2.4

Probe d4ensor responses to modulated signals that are based on diode detectors|can be
complex since the diodes are greatly non-linear elements. The diode response theory for
complex signals was reported by Nadakuduti et al. [116]. The linearization parameters for a
particular modulation should be determined by relative experimental calibration, i.e. power
sweep at that particular modulation, as described in Clause B.2. The linearization parameters
shall be determined for each sensor separately.

The following uncertainty can be determined by using any source (e.g. waveguide or dipole)
with a set-up equivalent to the one described in Figure D.1. The signal generation set-up shall
simulate the modulation for which the uncertainty is determined according to the specification
of the communication system standard. The power shall be increased for probe sensor
voltage equivalent to smaller than Py = 0,1 W/kg to the equivalent of larger than 10 W/kg for
the investigated sensor in 5 dB steps. At each power level, the SAR shall be measured with
the modulated signal and with CW at the same RMS power (verification that the power meter
uses a true RMS detector and that the amplifier is sufficiently linear for the entire dynamic of
the signal is required). This procedure shall be repeated for each field sensor.
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Formula (25) is used to derive the modulation uncertainty of a particular modulation mody.

Py+20dB SAR(P )modX
SARmodulationuncertaint [%] = max 100 x [———~———1 (29)
YXER e rp S‘JOX SAR(P, )Ca,xj

where

SARmodulationuncertainty y is the uncertainty for the particular modulation mody in percent

SAR(P,), is the SAR measured with the modulated signal at power level P,

forcsansorindex i
Ho—SORSOHHRE8Xx

mod x

SAR(P[)Cale is the SAR measured with the calibrated sighal at theysame RMS

J power for sensor index j

The SA b for all
three s¢ shall be
repeated. dulation

7.2.2.5

The prd of this
Standard, and the
phantom i

In some ameter,
in orde ) y effect
uncerta oferably by using the waveguide| system

describg¢d in B.3.2.3.3 re method described in B.3.2.3.2 gould be

used bglow 800 . st < valid assuming the angle between the probe axis
and the surfac b line 4 ithi e\rgquirements of Table 1 and Table 2. Since the
boundary effect i istic’s pecific probe, it shall be determined during probe
calibration (i.e. |nf e dbeN\tip diameter). If algorithms are applied to compensate
for the - SAR uncertainty shall be determined with thp same
evaluati ware”as used for performing the SAR measurements. The
bounda § 3 i an be estimated according to the following ungertainty
approximati a.based\dn linear and exponential extrapolations between the|surface
and dp [N

(de + detop f (e’dbe/(‘s/z))
2d<h=p 5 2

SAR ncertainty [ %] = ASARpe [%] \ (dbe +dstep ) <10mmand f <3GHz (26)

dpe <5and f>3GHz (27)

0
SARuncertainty [%] = ASARye [70]
0 -dpe

where

SAR jncertainty 18 the uncertainty in percent of the probe boundary effect;

dpe is the distance between the surface and the closest measurement point;

dstep is the separation distance between the first and second measurement points
that are closest to the phantom surface, assuming the boundary effect at the
second location is negligible;

o is the penetration depth of the head tissue-equivalent liquids defined in this

Standard;
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ASARy the deviation of the measured SAR value in percent, at the distance dy, from
the boundary, from the analytical reference SAR value for waveguide systems
SAR o5 SAR, o is calculated using Formula (B.5).

If waveguide systems are not available for certain frequency ranges, temperature probes
should be used to assess the reference values SAR ¢ at the locations dy,, and dy,e + dgtep, and
the SAR uncertainty of the temperature probe shall be accounted for. If temperature methods
are used, then S4R,. is the value at this location determined using the temperature probe.
Note that the actual calibration shall be performed at distances between the probe tip and
boundary that are larger than the probe tip diameter, where the boundary effect is negligibly
small. Enter the uncertainty of the probe boundary effect in the appropriate row and column in
Table 11, Table 12 and Table 13 using rectangular distribution.

7.2.2.6 Field probe readout electronics uncertainty

Field-prpbe readout electronics uncertainties shall be assessed readout
electronics. All uncertainties related to the probe readout electroniss, i i ain and
linearity] of the instrumentation amplifier, its loading effect on y of the
signal donversion algorithm, shall be evaluated to estimatg the maXxiqu ertainty.
One mgthod to determine these uncertainty component with an
equivalent source having the same source impedance 9 , ideration
accord|{Lg to the manufacturer’s speC|f|cat|ons for th€ probe, THig i med by
the sys [ inty using
normal used to
determi

7.2.2.7

Field-pr &’ by exposing the probe to an E-field
step regponse producing 5 . i bsponse
time is ¢valuated as the tin adui v ) o.dnd i [ ch 90 %
of the e 2 ~ on and
off. Durjng the SAR sdrem i i Lirement
location| for at led i se time
uncertainty is neg ero may
be entered in the . o signal
responsle-time upcexta , i i isti the test
device. e s i i centage
differen ne SAR
measurd ipn shall
be assu

7.2.2.8

7.2.2.8.1 General

Probe integration-time uncertainties may arise when test devices do not emit a continuous
signal. When the integration time and discrete sampling intervals used in the probe
electronics are not synchronized with the pulsed characteristics of the measured signal, the
RF energy at each measurement location may not be fully or correctly captured. This
uncertainty shall be evaluated according to the signal characteristics of the test device prior to
the SAR measurement.

7.2.2.8.2 Probe integration-time uncertainty for periodic pulsed signals

For signals with periodic pulse modulation and a pulse period greater than 1 % of the probe
integration time, additional SAR uncertainty shall be considered when the probe integration
time is not an exact multiple of the longest periodicity. The uncertainty shall be assessed
according to the maximum uncertainty expected for unsynchronized probe integration time
with an assumed rectangular probability distribution. For a signal with an envelope s(¢), the
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average signal read by the probe during the integration time ¢, starting at time ¢ is given by
Sint(to» tiny) IN Formula (28):

10 Hint
Sint(tortint) = — j s()dt, O0<tg<T (28)
n
o

Formula (28) assumes that the filtering by the probe does not significantly alter the signal
envelope s(t). If 75 is not synchronized with the longest period T of s(¢), the probe integration-
time uncertainty can be defined as shown in Formula (29):

max|sint (7)) — (Sint ()
SARuncertainty [%] =100 x ( |nt( )) < int > (29)
<Sint(t)>
Here < e probe
integrat
A simpl¢ alternative formula for the uncertainty of a TD t S i (30):
(30)

Formulg [oti4ie IS
the nun e frame
duration i € sum of
the erro e’that have idle slots. For example, thhe basic
frame f =46 ms, with 7 idle slots in an 8-slot
frame, 4 . For a
probe in 0,043 2
or 4,32 P8) and
Formuld 6,5, ...,
where 7| i
A rectan ertainty.

For conti

7.2.2.8.3 tegration-time uncertainty for non-periodic signals

For signatsother than periodic pulsed, the probe integration time should be determined from
SAR measurements using a stable source with the same signal characteristics and the same
probe type that is used for DUT measurements. Measurements at a single point (where the
SAR is at least 1 W/kg) shall be made consecutively using the chosen integration time and
progressively larger integration times. The integration time shall be doubled for each
consecutive measurement until the last and next to last measurements are within 0,5 % of
each other. Each measurement at a given integration time shall be repeated several times to
verify that the measurement result is stable, and the average SAR of the repeat
measurements shall be used for that integration time. For the probe integration time, a
rectangular probability distribution shall be assumed. The uncertainty is the percentage
difference between the average SAR at the chosen integration time and the average SAR at
the longest integration time.
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7.2.3 Contribution of mechanical constraints

7.2.31 Mechanical tolerances of the probe positioner (directions parallel to phantom
surface)

The mechanical tolerances of the field probe positioner can introduce deviations in the
accuracy and repeatability of probe positioning which add to the uncertainty of the measured
SAR. The uncertainty may be estimated with respect to the specifications of the probe
positioner relative to the position required by the actual measurement location defined by the
geometrical centre of the field probe sensors and is expressed as maximum deviation dg. By
assuming a rectangular probability distribution, the peak spatial-average SAR uncertainty
contributions due to mechanical tolerances of the probe positioner may be calculated using
ds according to a first-order error approximation:

d
SARuncertainty[%]: 5732 x100 (31)
where
SAR jnceftainty is the uncertainty in percent;
dgg h at the
ct to a
o i in this
If the m e probe
positioner, Lirement
uncerta s within
the areg-scan region. Thé ositions
shall bef used to asses SAR uncertainty shall be entered in| column

¢ of Table 11, Table 12 eCtangular distribution.

7.2.3.2 Prob@s' Qni vith>respect'to phantom shell surface

The und or with respect to the phantom shell shall be estimated.
as the n leviq istdnce between the probe tip and the phantom surface dpp-
By assymi ngulak prokability distribution, the peak spatial-average SAR ungertainty
contributign it ;

0 dph
SARncertainty [A’] = x100 (32)
0/2
where
SAR ncertainty 1S the uncertainty in percent;
dph is the maximum deviation of the distance between probe tip and phantom
shell, i.e. the uncertainty of determining the probe tip location;
o is the penetration depth of the head tissue-equivalent liquid defined in this

Standard.
7.2.3.3 First-order approximation of exponential decay

Formulae (31) and (32) are first-order error approximations of the SAR error corresponding to
a positioning error Az at location z and may be estimated according to Formula (33):
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ASAR _ SARge 2*(+47) _ 4Ry e~29*
SAR SARge %%* (33)

=(e*2“Z —1)=1—2aAz+%(2aAz)2 +o 4 (1)~ 20 Az

Here o is the reciprocal of the field penetration depth 6, and S4R is the SAR value at the
surface of the phantom (z = 0). ASAR/SAR is an estimate of the SAR sensitivity for the
exponential decay.

The SAR uncertainty shall be entered in Column ¢ of Table 11, Table 12 and Table 13 in the
uncertainty table assuming a rectangular distribution.

7.2.4 Phantom shell

The phantom uncertainty is defined as the uncertainty of the indugced jal-pverage
SAR due to phantom production uncertainties, and uncertaintig i ameters
of the |tissue-equivalent liquid within the phantom (see 7X.6.3™8 .226.4). Hhantom
production specifications are used to estimate the phantq - ncludes
the follgwing requirements.

e Deviations in the inner and outer shapes of the 0,2 mm
from that defined by the CAD file used for thig-S§
e Deviations in phantom shell thi hall be
2+0,2 mm.
The SAR measurement uncertainty ig 3 oxding to the square of the distance
betweer i gdium boundary of the phantom shell.
The asgessment is basegd epcy of the near-field energy abporption
mechanjsm [82]. To approximate \R agurement location, this theory asgsumes a
separation distance of s ' i dium boundary at the phantom shell inner
surface| and the Joc ‘ flament current density on the devige. The
separation dist , device thickness and internal design; a typical conservative
value fgr a is 5 mm A 3

certainty due to phantom production tolerances ghall be

M—q (34)
a

where:

SAR jnceftainty- 1S t ncertainty in percent;

d is the maximum tolerance of the shell thickness and phnntnm thpp'

a is the distance between the head tissue-equivalent liquid and the location of

the source equivalent current density.

If the tolerance of the shell thickness and the phantom shape cannot be evaluated, the
maximum tolerance of the inner and outer shell of the phantom from that specified in the CAD
file can be applied for 4. It has been shown that at higher frequencies, particularly above
3 GHz, the permittivity of the phantom shell, & g, has an increasing impact on the
uncertainty [123]. Therefore, Formula (35) shall be used above 3 GHz:

2

2

SARncertainty [%]:J{wox((‘z +2d) —1]} +(5xforey —4f TO7 2= & shen <5 (35)
a
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where d is the maximum tolerance of the shell thickness and phantom shape. The term

X |& shell — 4| is defined as the absolute value of the actual permittivity of the shell minus 4
multiplied with the uncertainty of 5 % assessed when the permittivity deviates by 1. A relative
permittivity of 4 has been suggested for the shell in [123] to reduce the dependence of the
psSAR on the permittivity at 5,2 GHz for the investigated configurations and is therefore used
as a reference permittivity in the uncertainty assessment.

The SAR uncertainty for phantom production uncertainty shall be entered in the
corresponding row of Table 11, Table 12 and Table 13, and a rectangular probability
distribution is assumed.

7.2.5 Device positioning and holder uncertainties

7.2.51 General

A device holder is used to maintain the test position of a handset aga during

a SAR measurement. Because a device holder may influence thg g andset

under tgst, the SAR uncertainty due to device holder perturbati sing the

proceddres in 7.2.5.2. Procedures for SAR uncertainties dug iti iati esulting

from mgchanical uncertainties of the device holder are d| ussed\in\{§ ) clauses

include | procedures for device-specific and predetegr X [ ermined

uncertainties are used, in most cases multiple repe i uired to

reduce the predetermined standard deviations furth

7.2.5.2 Device holder perturbatié

7.2.5.2.1 General

The deyice holder shall be i ic\materi i <(Q,05 and

relative |permittivity <5 (these ma nete an be determined for example uging the

coaxial ontact probe S evholders may still affect the sourcd, so the

uncertainty resulting from_the < : iation from a set-up without the holder) shall

be estimated. The u i exdeviee holder for testing a specific DUT shall be

estimated accor . 4 ' gscribed below. Alternatively, the Type A{method

described below 8 USE e se uncertainty for a group of handsets having similar

SAR characteristics s c i ame device holder.

7.2.5.2. Deyice er perturbation uncertainty for a specific DUT: Type B

The ungeftai ecific‘handset operating in a specific device holder shall be estimated

by perfgrming™ ingstwo tests using a flat phantom

a) assé g 1g or 10 g peak spatial-average SAR (SAR,, hoiger) PY Plaging the
device’in-the holder in the same way it would be held when tested next to the hegd, then
positioning the handset in direct contact with a flat phantom (horizontal and verticgl centre

line of the handset parallel to the bottom of the flat phantom);

b) assessment of the 1 g or 10 g peak spatial-average SAR (SAR,,/ hoiger) PY Placing the
device in the same position as in a) but held in place using foamed polystyrene or
equivalent low-loss and non-reflective material (permittivity no greater than 1,2 and loss
tangent no greater than 10-5).

The SAR uncertainty to be used in Table 11 is:

SAR —SAR
SARuncertainty [%] _ ( w/ holder w/o holder %100 (36)

SARW/O holder

where

SAR is the uncertainty in percent;

uncertainty
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SAR
SAR

is the SAR with device holder in W/kg;
is the SAR without device holder in W/kg.

w/ holder

w/o holder

This uncertainty has an assumed rectangular probability distribution and v; = « degrees of
freedom.

7.2.5.2.3 Device holder perturbation uncertainty for a specific test device: Type A

The specific device holder disturbance uncertainty data evaluated according to the Type B
method described above for a group of handsets with the same shape and with substantially
equivalent SAR distribution characteristics shall be statistically compiled and applied to
selected groups of devices tested in the same device holder and the same configurations. The

statistic g to the
Type B igtics are
evaluat Type A
uncerta holder
configurations. Increasing the number of test devices will increage_the de dom (v,)
and lower the coverage factor (k). The coverage factor (k ould be
determihed as k, = 7, (vgs;) Where 7,(veg) is the coverage fg [ i nd v, is
the effective number of degrees of freedom estimat rthwaite
Formulg (21). The effect of the device holder for in the
different configurations shall be estimated by perforpi Type B
method|described above for each model (N shall

The corfesponding uncertainty for Table 1 e i i - -square
of the individual uncertainties, with deg 4 ould be
updated yearly in order to account for

7.2.5.3 eA
7.2.5.3.1 General

The deyiation o tandard
depends$ on the on and
handling h on the
peak s( ameters
cannot \the ing pe A tests as described below shall be performed.
7.2.5.3. der
The popi g blder is
assesss eatl measurements of the 1 g or 10 g peak spatial-average SAR. This
positionjng, Uncertaingy shall be evaluated using the antenna position, frequency chanpel, and
device pesition for the operating mode that produced the highest SAR among all frequency
bands. mmn—m—me—m—eﬁmmmrmﬁhe—mm—mmahvﬁed and

the tests repeated at least four times. This minimum of five tests is sufficient to establish a
reasonable value for the degrees of freedom. If the positioning uncertainty of an individual
device is suspected to be large, more tests may need to be performed to reduce the impact
on the total measurement uncertainty. Increasing the number of tests will increase the
effective degrees of freedom (v.) and decrease the coverage factor. The average SAR for
the total number of measurements (V) is used to determine the SAR uncertainty according to
the standard deviation and degrees of freedom (v; = N — 1) of the number of tests performed.

7.2.5.3.3 Positioning uncertainty of specific types of handsets in a specific device
holder

A Type A uncertainty analysis can be applied for a group of handsets with predominantly the
same shape and substantially equivalent dimensions and SAR distributions. The tests shall
include at least six devices, each evaluated according to the procedures for a specific
handset in a specific device holder described above. The number of tests n shall be at least 5,
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and each of the n tests shall be performed for all M devices). Half of the n tests shall be in the
cheek position and the other half shall be in the tilt position. The corresponding uncertainty
shall be estimated by applying the root-mean-square of the M individual standard deviations.
The value to be filled in the uncertainty table shall be the standard uncertainty with £ = 1. The
degrees of freedom are determined according to the total number of tests N = n x M. For the
M devices included in the specific group of handsets, v; = N — 1. If this procedure is applied to
determine uncertainty, it may be unnecessary to apply the procedures for a specific handset
in a specific device holder described above to individual handsets. The database should be
updated yearly in order to account for handset design changes.

7.2.6 Tissue-equivalent liquid parameter uncertainty

7.2.6.1 —General

Details pf dielectric parameter test methods are given in Annex J, and unc inty\estimation

method$ are given in 7.2.6.5.

h of the
be 6.2.1)

In accofdance with usual metrological practices, the measure
dielectric parameters is required to be less than or equal to the a
from thg target values of the measured dielectric paramete

7.2.6.2 Liquid density

The eldctromagnetic parameters of the tissuet ¢ ids have a
density jof 1 000 kg/m3. This density s ation of

the SAR from the E-field distribution edosimetyic probe, the liquid dénsity is
merely |a numerical parameter which A F liquid.
Therefofe, no uncertainty need be associat

7.2.6.3 Liquid conduttivi

The ungertainty due 'he first
source pf uncertainty i and the
second [ source éj O assess
conductjvity. The 2.1 for
applicable toleranges used to
correct

7.2.6.4

The unq
first soyrce o

o relative liquid permittivity arises from two different sourges. The
is the deviation from the target value given in Table A.3 jand the
second | source © ertainty arises from the measurement procedures used to| assess
relative |permittivity. “The uncertainty shall be estimated using a normal probability. Sge 6.2.1
for app| cable tolerances and corrections of the |iqnir{ dielectrics  Formula (41) shall be used

to correct the measured SAR for the deviations in permittivity.

7.2.6.5 Assessment of dielectric liquid parameter measurement uncertainties

The measurement procedures described in Annex J use vector network analysers for
dielectric property measurements. Network analysers require calibration in order to account
for and remove inherent losses and reflections. The uncertainty budget for dielectric
measurement derives from inaccuracies in the calibration data, analyser drift, and random
errors. Other sources of errors are the uncertainties of the sample holder hardware, and
deviations from the optimal dimensions for the specified frequencies, and sample properties.
This applies regardless of the type of sample holder and the nature of the scattering
parameters being measured. Uncertainties due to the straight-line fit in the slotted-line
method can be evaluated using a least-squares analysis [141].


https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

- 70 - IEC 62209-1:2016 © IEC 2016

An example uncertainty template is shown in Table 5. All influence quantities may or may not
apply to a specific test set-up or procedure, and other components not listed may be relevant
in some test set-ups. Measurement of well-characterized reference liquids can be used to
estimate the dielectric property measurement uncertainty [37], [71], [106], [122], as described

in the fo

llowing procedure.

a) Configure and calibrate the network analyser in a frequency span large enough around the

cent
b) Mea

re frequency of interest, of the liquid used in the SAR measurement.
sure a reference material.

c) Repeat Steps a) and b) at least n times (where n is at least three and is sufficient such
that the measurements have stabilized. n should be large enough to keep the repeatability
in Step d) within the applicable tolerances as specified in 6.2.1 at all frequencies of

interlest. Make the measurements at the same liquid temperature at/whick _the-dielectric
target properties of the reference liquids are known. At each freq m-$teps d)
to g
d) Calgulate the repeatability as the sample standard deviation divided h value.
For the permittivity, this is given by Formula (37):
repeatability[%]:’IOOx l (37)
&
whefe the mean value is defined in Formula
(38)
Do t
e) Ente able 5. The number of degrees of freedom
Vi = Te deviation of the dielectric parameters from
the farget va@ ) N pmittivity, this is given by Formula (39):
ation|%] =100 x m (39)
ref
f) Entd evigtion in\Row 2, Column a, of Table 5. The number of degrees of freedom
V; = n Zolumn e. Do the same for the conductivity.
g) Esti uncertainties for the other components of Table 5 (and other felevant
compgahents if neéded) in the frequency range under consideration.
h) Determine the combined standard uncertainty as the RSS of the uncertainty components
from Steps d), e), and f). Enter this value in Row 5, Column d of Table 5.

i) For the relative permittivity, choose the frequency that gives the largest value for the
combined standard uncertainty in Step g). Enter this uncertainty and the corresponding
degrees of freedom v; into the appropriate row of Table 11, Table 12 and Table 13. Do

the same for the conductivity.


https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

IEC 62209-1:2016 © IEC 2016

Table 5 — Example uncertainty template and example numerical values

- 71 -

for dielectric constant ( ¢ ) and conductivity () measurement

a b d e
u, = (alb) x (c)
. Standard
Uncertainty Uncertainty | Probability - .
component (* %) distribution | Divisor unc(c:r(t;)mty Vi OF Vet
L /0
1 Repeatability of & or o 5,2 N 1 5,2 4
(N repeats)
2 Deviation from
refdrence Tiquid target 3,0 R \3 1 1,73 4
& Or o
FaN
3 |Netlvork analyser-drift, 0,5 R V3 1 0, w0
lineprity, etc.
4 Tesft-port cable 0.5 U 2 <\X\%§\/ w
varifations
5 Combined standard \
) 5,5 5
uncrtainty
NOTE Row headings 1 to 5 and column headings a to e are foﬂefe}@nce. X

ehs ¢/ in Columns f and ¢

In Tablg 11, Table 12 and Table 13, ensitivity, coeffici : for the
measure ity of tissue-equivalent liquids are
needed tivity and c_. for permittivity. Tlhey are
calculate largest sensitivity coefficients ¢ver the
300 MH = 0.78 (at 300 MKz) and
.=0,2 = 0,71 (at 300 MHz) and ¢, = D,26 (at
5500 M um yalues are entered into Table 11, Tlable 12
and Tal or specific tested frequency ranges [may be
entered
7.2.6.6
The me and tissue dielectric parameters shall be carried ot at an
ambient °C and 25 °C inclusive. These two measured temperatures
shall no . The following evaluation shall be conducted for each recipe
to deter ertal ty caused by the temperature tolerance. This evaluation is fypically
done on at the frequencies of interest. This evaluation shall be pegrformed
for ever r modification to a recipe.
Measur¢gments of the dielectric parameters at liquid temperatures 7,,, = 18[C and
Ty high = 5°C shall be used to compute temperature uncertainty according to the
Formulas (40). The conditions that apply here only concern the evaluation of the liquid
temperature uncertainty and do not affect the temperature requirements during testing.

- oo 2 BT o)) 20c |

liquid temperature uncertamty[ ] | Sr(Thigh)+ er(Tiow) Thigh " Tiow | (40)

2X[U(Thi h)—o(T w)] 2°C |
Gliqui inty[% =100x| g oW x
liquid temperature uncertamty[ ] | U(Thigh) +0'(710w) Thigh ~Tiow |

where

¢ liquid temperature uncertainty

is the temperature uncertainty for the liquid permittivity in percent;
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is the temperature uncertainty for the liquid conductivity in percent;

i liquid temperature uncertainty

&(Thign) is the relative permittivity at temperature T},;4p;

&(Tiow) is the relative permittivity at temperature 7\,

o(Thign) is the conductivity at temperature Tj;yp;

(T\ow) is the conductivity at temperature 7},

Thigh is the highest temperature in °C at which the dielectric parameters

were measured,;

Tiow is the lowest temperature in °C at which the dielectric parameters
were measured.

These formulas can be used to derive the temperature uncertainty fox lthe pa iculJr liquid.

The ungertainty of the measurements for 7j,,, and Tj,4, shall be les ote that

this tol¢rance is applicable only for this uncertainty evaluatio fect the

temperdture requirements during testing.

The val mn ¢ of

the app recipes

are pro q sstmed for the liquid

tempers

7.2.7 vity

7.2.71 General

It can H ters are

close tg the targets, at frequencies o 5 to this

problem:

a) chamge the dielectrictars AMe tatCh those of available liquid recipes;

b) widen the toce withoy g SAR for the deviation in dielectric paraJneters);

c) widen the tolerap ielectric
pars p : .

The thir ndard to

particuIT i Lirement

uncertaint

7.2.7.2

For casps{when deviations of permittivity Ag, and/or conductivity Ac from the target values in

Table AL.3rexceed + 5 % but are lower than + 10 % the SAR correction mni‘hndnlng_\, can be

applied to reduce measurement uncertainty and correct measured SAR values. This method
is also applicable if the expanded measured uncertainty is not within required + 30 % (7.3.2).

The methodology used to determine the SAR correction is described in Douglas et al. [26] and
[27]. The evaluation according to this methodology was conducted over a frequency range of
30 MHz to 6 000 MHz, but it is implemented over the 300 MHz to 6 000 MHz frequency range
in this Standard. The methodology was also studied for permittivity and conductivity ranges of
+ 20 % from the target values in Table A.3, but ranges of £ 10 % have been chosen for this
Standard. Given that the change in dielectric parameters influences the conversion factor of
the probe (see Annex B), this influence will be small if a range of £ 10 % is used.

A close to linear relationship was found between the percentage change in SAR (denoted
ASAR) and the percentage change in the permittivity and conductivity from the target values in
Table A.3 (denoted Ag, and Ao, respectively) for a specific range of As, and Ac. This linear
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relationship agrees with the results of Kuster and Balzano [82] and Bit-Babik et al. [7]. The
relationship is given by Formula (41):

ASAR = c A& +c ;Ao (41)
where
ASAR is the correction of the SAR value;
Ag, is the measured deviation of relative permittivity;
Ao is the measured deviation of conductivity.
Here, ¢ = ing the
sensitiv ty of the SAR to permlttlwty and conductlwty, respectlvely
The vallies of ¢, and ¢, @d using
polynonpial formulas. These values depend on the SAR aveg 'he SAR
averagi D05 [65]
and ICN las (42)
and (43):
(42)
(43)
Where [ is the frequency i re given
by Formulas (44) and (453
(44)
(45)
7.2.7.3
The meé§ root of
the med rmulas
and the|si ed de jations, is shown in Table 6 for the 1 g peak spatial-average SAR and
the 10 g peak spatial-average SAR. Table 6 shows how the uncertainty increaseg as the
maximupinallowable values of Ag and Ao increase. It has also been shown thgt these

corrections are valid for realistic wireless handset models [26], [27].

Table 6 —Uncertainty of Formula (41) as a function
of the maximum change in permittivity or conductivity

Max. change in ¢ or o Uncertainty for SAR1g Uncertainty for SAR10g
% % %
+5 1,2 0,97
+10 1,9 1,6
+15 2,6 2,1
+20 3,4 2,7
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Using this approach, the measurement uncertainty is lower, due to the fact that this correction
eliminates the need for uncertainty items that account for the deviation of the dielectric
parameters from the targets. Instead, there is an uncertainty item which accounts for the error
of the correction formula. The value of this uncertainty item is given in Table 6. For + 10 %
deviation in permittivity and conductivity, enter 1,9 % and 1,6 % in the uncertainty budget for
1g and 10 g peak spatial-average SAR, respectively. These uncertainty values shall be
entered into the appropriate rows of Table 11, Table 12 and Table 13, where a normal
probability distribution is assumed.

7.2.8 Measured SAR drift

The SAR measurement dr|ft of the DUT |s accounted for by the first and last step of the

t where

the etection
limit| of the measurement system The distance from ¢ i hantom
inn than or
equal to 10 mm

b) Alternatively, and if the preferred method in g ~ ' ; , d power
me i i pable of
me F power
mea

In either ference

measurement, Refqecondar from

measuré¢ment, Refprimary:

the primary rgference

(46)

Refprimary

Commef ifts within £ 5 %. Some devices could have significant
fluctuati ot classifiable as undesirable power drift but ra}_‘her are
a chara isti | perating behaviour of the device. In this case, other methods
such as a ohsidered to ensure that an accurate and conservativg SAR is

obtained

If the S meet the 5 % threshold while performing the SAR testing as per 6.4.2,
then a urerment for the longest intended measurement evaluation time shall be
performpdwithout recharging the battery. This is done by performing a meastrement
accordiug tomethod a) Of b) above; bUIItiIIuUubiy over-theevatuationtime (at teastonce every
5s). This time sweep measurement shall be performed at each frequency band for the
operating mode having the highest time-averaged output power. If the difference between the
maximum and minimum in the time sweep is less than 5 % of the average value, or if the
difference is less than 10 % and the SAR primarily decreases during the time sweep (it does
not increase by more than 2 % at any time during the time sweep), it is sufficient to perform
reference measurements at the beginning of the area scan and at end of the last zoom scan,
as described in 6.4.2 d) and e). Otherwise, additional reference measurements shall be taken
during the zoom scan, and the zoom scan measurements shall be corrected prior to
performing extrapolation, integration and averaging. Linear interpolation between the
reference measurements is performed prior to the correction. The SAR values measured
during the zoom scan shall be corrected by the difference between the interpolated values
and the first reference value measured before the area scan. The time between reference
measurements during the zoom scan shall be sufficiently small such that correction of the
time sweep curve described above is conservative for all points.
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If the SAR drift is within 5 %, then it can be treated either as an uncertainty (i.e. random error)
or a systematic offset. If the drift is larger than 5 %, the measurement drift shall be considered
a systematic offset rather than an uncertainty.

If treated as an uncertainty, record the absolute value of the drift in the uncertainty table. Do
not add the drift to the assessed SAR value. The uncertainty value reported in the uncertainty
budget shall either be the value corresponding to the highest SAR measurement drift reported,
or the maximum allowed 5 %).

If treated as a systematic offset, apply compensation to the measured SAR, i.e. adding the
absolute difference to the determined SAR value if the drift is either negative or positive:

SARcompensated = SARmeasured * (1 +|d7’ifl‘|/100%) (47)
In this qase it is not necessary to record the drift in the uncertajnty I . P%). To
maintaim a conservative value for the resulting SAR, drift S om the
assessdgd SAR. If different assessed operating modes of the i it\di ft ratios,
all the gorresponding measured SAR values can be compe : \ i rovided
that the|applied drift ratio is the largest one detected duri AR testing berating
modes of the device. The uncertainty shall be estim S bbability
distribufion.
7.2.9 RF ambient conditions
The eff¢ct of RF ambient on the measura ainties—¢ . ambient
RF leve] is evaluated by performing SA bt-up as
used for testing the DUT, b tW|th the eraging
mass, the SAR due to RF & 3 % of
0,4 W/kg).
It is not|necessapy\to chec poratory
can de ‘
The tes} configuratic S lections
from nearby Obj . i g. bly  with
requirement \ ng SAR
measure e within
+3% bbability
distribufio

When AR ‘'measurements are performed in a controlled environment, such as an gnechoic

NRF ambient effects shall be assessed at least once per year. Other\qise, RF
ambient effects should be assessed before performing any SAR measurement on the device,
and ambient conditions shall be monitored during the measurement so that any nearby high
output sources, for example walkie-talkies, do not affect the SAR measurements. The
rationale for the non-controlled environment RF check evaluation is that there is no reason to
assess this uncertainty contribution before any SAR measurement if it can be demonstrated
that RF sources are sufficiently far from the SAR measurement system location, even if the
measurement system is placed in a non-controlled environment, given the near field nature of
the SAR measurement. The rationale on calibration intervals described in 1ISO 10012:2003 is
recommended to assess the periodicity of evaluating RF ambient effects on SAR
measurements.
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7.2.10 Contribution of post-processing
7.2.10.1 General

Subclause 7.2.10 describes the estimation of the uncertainty resulting from the post-
processing of the discrete measured data to determine the 1 g and 10 g peak spatial-average
SAR, i.e. the combined uncertainty of interpolation, extrapolation, averaging and maximum
finding algorithms. These algorithms may add uncertainty due to assumptions of general field
behaviour, and therefore may not perfectly predict the SAR distribution in the tissue-
equivalent liquid for a specific handset. The algorithm uncertainty is a function of the
resolution chosen for the measurement and the post-processing methods used in the area
and zoom scans.

The acfual SAR distribution at the peak location is strongly dependgnt on he(eperating
frequen,y and design of the handset, test position, and proximity etissuécequivalent
liquid. $AR distributions can have a rather flat gradient when a rce is a
large distance away or can have a very steep gradient when a s source
such as|a helix antenna is placed next to the tissue. In some ¢a R is not
at the suirface of the phantom due to cancellation of magnetic fig

The analytical SAR distribution functions presented 8
conditions and were developed for the purpose/of this\ ung i estimation| These
empirically derived reference functions are used to i dummy" SAR dpta sets
for testing the system software post-processing subroutines. puted reference function
values 3t coarse and fine grid spacing ¢ p in rheasurements, arelinput to
the SAR system software. SAR values_at grid_poi ts coresponding to the area- and zoom-
scan mgasurement grids are computed accorad 8AR distribution functions given
in 7.2.10.2 and processed by the /system , extrapolation, and intggration

algorith Suré heresulting 1 g and 10 g peak spatial-pverage
ce\SAR values listed in 7.2.10.2. Procedyres for

SAR v3
evaluati ea~ and Rkgom-scan post-processing algorithms are
d e a planar tissue-equivalent lighid and

phantom i i |I|t of\these functions for curved interfaces is discussed in
7.2.10.4. i iry QS hat there are no errors in location of the grid
points i and probe positioning and

7.2.10
Three dnalyti K f> and f3, are used to represent the possible range of SAR
distributians e \’ cument.

A distriQution,_ kased’on the evaluation of SAR footprints of actual wireless devices and
is appli¢cable_fo gncies up to 2 GHz. Since f; takes into account devices placed fin close

imi vahtom at frequencies above 900 MHz, f; is also used to model vely steep
SAR gradients. Two parameter sets are given for f; such that SAR distributions with single
and double maxima can be evaluated. The function f, is used at frequencies up to 3 GHz to
account for exposure conditions with H-field cancellation at the phantom-tissue surface. A
third reference function f3 is defined for testing in the frequency range 3 GHz to 6 GHz. Since
noise may affect the extrapolation at these frequencies, a noise term is included. The
distribution functions are defined for the phantom surface at z = 0 and the half-space tissue
medium for all z > 0 in Formula (48):

’ 2 12 7i
Zpreak zo'ypeak

' 2 2 _=z
+ A2 exp _% exp| _y— e a
20

xsec

(48)
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a +x'

_Z 2 _2z ,
Solx,p,z)=Ade %[3—(3 a ]Cosz(%Lj (49)

2 2 _8z
f3 (x,y,z) = Aexp|:— M}e a4+ Nrmsrnd(cf) (50)

(a/4)?

Note that due to the noise term in the function f3, it should be evaluated at least 4 000 times
to verify that the standard deviation converges to the correct value. x, y and z are the spatial
Cartesian coordinates of the SAR distribution. The SAR averaging cube shall be assumed

directly agaillbt the—surfaceof= piallal pilalliunl. FHez=axis s mormmattothe p' antonmrgurface,
and the|axes of the averaging cube are aligned with the axes of the coordijnate system|
In Formula (48), the parameters Oxpeak * Trpeak * sec and O ysec Ar€'8
!
Oxpps X 2 —Xq /2
O—xpeak - { (51 )
(52)
(93)
(54)
The par andsets
at 195 y fitting
experimig eraging
the resy|ts
Table arameters for the reference function f; in Formula (48)
;l:a:; A4 D) “ *a Opp | Oypp | Fxsp Ssp | %pn | Oypn Oxsn Sysn
[W/kg] | [W/kg] | [mm] [mm] [mm] [mm] [mm] [mm] [mm] [mm] [mm] [mm]
1 1,2 0,0 11,9 n. a. 19,6 15,5 n. a. n. a. 21,9 17,2 n.a. n.a.
2 1,2 1,0 11,9 | 60,47 | 22,6 19,7 19,4 19,6 22,0 15,5 17,9 24,2

In Formulas (48), (49) and (50), the parameters are set as follows:

X'=x+d

Vi=y+d

where d is the offset parameter,
a =20 mm;

A =1 W/kg.
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The above parameters a and 4 only apply to Formula (49) and Formula (50). They do not
have any particular physical meaning other than for generation of the appropriate SAR
distributions. A value of d = 2,5 mm, for example, provides a lateral shift of the SAR
distribution so that the peak location is not aligned with a measurement grid having a 5 mm
increment. This offset is used to test the software peak search subroutines and uncertainty.
Nyms represents the variance of the system noise (in W/kg) in the liquid in the absence of an
RF signal. In a measurement system, this parameter is system dependent and corresponds to
the noise measured inside the liquid in the absence of an RF signal. However, for analytical
purposes, a fixed N, value shall be used. For the evaluation of the reference function f3,
Nims = 0.1 W/kg shall be used, corresponding to a signal-to-noise ratio of 10 log4o(4/N, ) =
10 dB at the location of the peak spatial-average SAR. rnd(¢ ) is a function which returns

normally distributed random numbers at each point on the measurement grid. rnd(¢) has a
ftabte—m typical

mean of—zero—and—a—standard—deviattonmof—- Appropriate furmctions—are-av
math applications. The variable {is an arbitrary seed.

cubes

The reference SAR values from the distribution functions f;, f5, ané
G s were

aligned |with the (x, y, z) coordinate axes are given in a) to e) be
calculatpd with an accuracy of 0,01 %.
a) SAR ef = (f1)1 g = 0,791 W/kg, SARref = (f»])»]o g = 0,494 A
b) SARlet = (f1)1g = 0,796 W/Kg, SAR,ss = (f1)10 g

cenfred on the primary peak;

C) SAR{es = (f1)1 g = 0,686 W/kg, SAR : 3, for two-peak cage, cube
cenfred on the secondary peak;

d) SA4AR
e) SAR
When function f; is con [ btained
considefing one-peak and S ertainty

computations.

These referenc
algorithins used bythe

cessing

7.2.10.3

7.2.10.3.

The are ge SAR
coordinT ~ accuracy of + L,/2 mm or better, where L, is the side length of the zoom-
scan vo € 2.10.3.1
the evaluation of thevarea scan does not contribute to the uncertainty budget.

The reference function values calculated at the usual area-scan grid points are input to the
system software. The interpolation algorithm treats these data points as if they were
measured to complete the area scan and determine the peak spatial-average SAR location
(Xeval» Yeval)- This is compared with the actual peak location defined by the analytical functions
at (x;qf, ¥ref)» With an offset parameter d, as defined in 7.2.10.2 for x' and )’ for Formulas (48),
(49) and (50). The subscripts "eval" and "ref" refer to evaluated and reference, respectively. In
other words, the following inequalities shall be satisfied:

Aref _xeval| <L, /2-|yref — Yeval| S L, 12 (55)

The following procedure shall be used to assess the uncertainty of the interpolation
algorithms used in the area scan for determining the peak SAR location.
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a) Choose the measurement resolution (Ax, Ay), and number of evaluation (corresponding to
measurement) points (N,, Ny). The centre of the area scan shall be set to (xg, yg) = (0, 0).

b) SAR values are computed using the functions f;, f, and f3 at the evaluation grid points of
the area scan within the following ranges:

— Avx[(Ny —1)/2] < x < xg + Axx[(Ny -1)/2], (56)

o~y x|(Ny =1)12]< y < yo + Ay x|V, -1)/2], (57)

where N, and N, are odd integers. A value of z = 0 is assumed since the peak location is
independent of z for these three functions.

The SAR values computed by the three distribution functions are/in
measurgment system with a spatial resolution of (Ax;, Ay;)
functions g,(x) and g,(y) used by the system to determine
location| (xgyal» Yeval)-

means fo determine the mterpolatlon and peak search

The pe interpaldtion algorithms shall
satisfy { S Qtherwise, the data-
processing and measurement systemg’shs yri on and/or a larger|number

of interpolation points to repeat the assessm

The ceptre of the area scan (xg, )f S in 1 mm steps within th¢ range
0 <xp <|Ax/2 and 0 <y < A at the agssessment starting at Step b) for each of the
shifted (xq, vg) in these ra

7.2.10.3.

vith the
the area scan procedure in 7.2.10.3.1, the trle peak
om the estimated peak location (xgy4, Vevall PY an
ulas (55). This displacement is accounted for in the
f3 in 7.2.10.2 by incorporating the distance 4. Sipce this
g, the value of d shall be varied over the range:

The zoq
referend
location
amount
referend
displace

|| <(L, - L)/2 (58)

where I] N\8/the cube side length (10 mm for 1 g, 21,5 mm for 10 g). For each distande d, the
largest uncertainty produced by any of the three functions is recorded. The root-mean-square
of the largest uncertainty values for several distances d is entered as the uncertainty due to
extrapolation, interpolation and integration.

Although the requirement for the area scan is that the local peak spatial-average SAR be
located within |d| < L,/2, a smaller range of |d| < (L, — L.)/2 is used here to ensure that the 1 g
or 10 g cube can be computed on the first attempt. For values of (L, — L;)/2 and |d| < L,/2, the
measurement software shall alert that the 1 g or 10 g cube is not captured and the
measurement shall be re-attempted. This will not affect the uncertainty, so it is not necessary
to consider this case here.

The procedure is as follows.
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g)

h)
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Choose a displacement d for the evaluation of the functions f;, /5 and f3. d shall vary from
—(L, — L)/2 to +(L, — L;)/2 in small increments (e.g. 1 mm steps). The displacement shall
also vary separately in the x- and y-directions.

SAR values are computed according to the functions f;, f, and f3, at the evaluation grid
points that correspond to measured zoom-scan volume points. The zoom-scan volume
shall be centred at:

(x,3,2)= (00,11, /2 + dpe) (59)

where

Ly, is the height of the zoom-scan volume;

dpe| is the distance of the closest measurement point from the ianer suyrfacg of the

phantom.

The|computed SAR values are extrapolated to the phantom surface system
software to obtain the additional points in the zoom-scan volume\that cann gasured
due [to probe constraints. Both the computed and extrgpola a i re then
interpolated to a finer resolution by the system softwarg i R\ lies the
integration algorithms as well as the search algorithm 4 100 average
SAR within the zoom-scan volume to determine spatial-
average SAR. Other procedures are possible. If t alues to
be imported to perform the assessment, mented
independently by other means to test the bgration
algorithms.

The|1 g and 10 g peak spatial-ave or data
processing software (S4Rg, ) are co 7.2.10.2.
The |standard deviation caused b ined by

evalpating f3 at least 4
different random noisé
is cglculated using Kor

the 4 000 or more evaluations using
tainty for distribution functions f; and f,

% | SARgyal — SARret |

~100 (60)
SAR;ef
The on function f3 is calculated using Formula (61):
YA 00 x| SAReval = SARret | 400 == [ SARggey (Nems) o
| SARs SAR o

Thelhighest SAR

uncertainty estimated by the three distribution functions is recordled.
Repeat-Stepsb)toe)forotherdisptacement vatues4-

Compute the root-mean-squared value of the uncertainties calculated in Step d) for each
displacement d above. This value shall be entered as the uncertainty due to extrapolation,
interpolation and integration in the corresponding row and column of Table 11, Table 12
and Table 13, and a rectangular probability distribution shall be used.

Record the following parameters used to estimate the zoom-scan uncertainty:

e the dimension of the grid used to sample the reference functions both in terms of
number of points and sample steps in the three dimensions;

e the number of interpolation points included between two test points, or the
interpolation resolution in the three directions, for the reference functions.

e the dimension of the extrapolation region, i.e. the distance between the probe sensor
location at the first measurement point and the phantom surface (measurement point is
behind the probe tip);

e the interpolation, extrapolation and averaging algorithms used.
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The computational conditions (such as the number of grid points, the grid increments, and the
number of interpolation points in the three directions) shall be the same for all the functions.

7.2.10.4 Evaluation of curved surfaces

The procedures in 7.2.10.3 assume that the tissue-equivalent liquid and phantom boundary is
planar. However, the uncertainty estimated with these functions for flat tissue-equivalent liquid
and phantom boundaries is also valid for smooth curved surfaces, provided that the four side
faces are parallel to the line normal to the phantom at the centre of the cube face next to the
phantom surface. The fact that the function is based on a flat surface does not impose any
restrictions with respect to applicability for the test provided the procedure is based on
equwalent dlstances of the grld from surfaces ThIS produces the averagmg vqumes as
|Ilustrat d -

illustrate
face of
ensure
the corrpct averaging mass.

7.2.11 | SAR scaling

Uncertajnties of i see 6, as a function of SAR level are associafed with
non-lingarities of tHe/5ignz ¢ I|f|er stages, the modulation signal bandwidth and

antenng impedance,

For the gcaling , a rectangular probability distribution shall be assumed. The
is_eva uated ermination of the SAR of mody at the peak spatial-pverage

SAR lodati o) using the following procedure:

a) Per a scan‘with mody according to 6.4.2.
b) Mo » he peak location of the area scan.

c) Take the SAR reading at the peak location with mody.

d) Switch the device to mody (without moving the device).
e) Take the SAR reading with mody.

f) Calculate the ratio of the measured and scaled SAR 4 using Formula (62):
Y

SAR(xp’yp’Zp)m“Y ~1/x100% (62)
AS’AR(xp,yp,zp )modx .Rp

SARscaIing uncertainty ~
with Ré) as the time-averaged RF output power ratio of mody and mody according to
6.2.3.5.

If SARscaling uncertainty > © % do not use the scaling, perform the full SAR assessment for mody.
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7.2.12 Deviation of experimental sources

The system validation sources in Annex G are well defined and were simulated to obtain
numerical reference values using validated numerical codes. However, the mechanical and
electrical uncertainties of the specific source affect the resulting peak spatial-average SAR
values, e.g. different feed-point impedance and current distribution as function of distance,
phantom shell, liquid, etc. In other words, the numerical target values are valid for the specific
sources and set-up configuration requirements. The deviation from the target values shall be
determined either by Type A or Type B evaluations. Type A evaluations should use statistical
evaluation of several measurements using different liquids, probes, and phantoms. For
Type B evaluations, all parameters need to be assessed experimentally. Numerical target
values are established by numerical simulations and validated laboratory calibration.

For the| waveguide source, Table 8 provides the contributions to deviationg of the

wavegu|de source from theory.

Table 8 — Uncertainties relating to the deviations of\t

Symbol Source of Value Probability Divisor . u) v,
uncertainty distribution
(+ %) /\ 09 %
Variation /
from
theoretical
ATE,, waveguide 5,0 Retta ula< 3 2,9 ©
mode in
liquid
Lw javeguide 1,0 Qorm \v\> 1 1,0 o
imensions
Combined )
e uncertainty | & \S\K V * 3.1 @

wdewanon of experimental dipoles from theory

efers described in Annex G.

For the| dipole @
include jariations |

The con
into Tal

eviations in experimental sources from theory is|entered
an assumed normal probability distribution.

7.213 >r undertainty contributions when using system validation sources

In addif sertainty terms for the system validation source discussed elsewhere,
there are additionaki€rms to be added in the uncertainty budget. These terms depend on the
type of systém validation source used. These terms depend on the type of system validation
source used. For a dipole source, such a term can be the distance of the dipole axis to the
liquid, and for a waveguide source, such a term can be the mismatch error. Table 9 and
Table 10 show the uncertainty terms for the dipole source and the waveguide source,
respectively. The expanded measurement uncertainty for Table 10 shall be within £ 10 % for
k = 2. These additional uncertainty terms are entered into the "Other source contributions" row
of Table 12 and Table 13.

NOTE 1 The numerical values in Table 9 and Table 10 are examples only and should not be assumed to
represent the values for specific sources.

NOTE 2 The waveguide is placed directly against the phantom, as described in Annex G. Therefore, no
uncertainty term is needed to account for the distance to the phantom, as with the dipole antenna.
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Table 9 — Other uncertainty contributions relating to
the dipole sources described in Annex G.

Source of Value Probability Divisor c. u; V.
uncertainty (+ %) distribution (= %)

Dipole axis to

liquid distance 2,0 Rectangular V3 1 1,2 ®

Table 10 — Other uncertainty contributions relating to
the standard waveguide sources described in Annex G

Source of uncertainty varue PTobabilty DiviSor c; w; v;
(+ %) | distribution \( \Q %)
Mismatch error for system @ 5,0 U-shaped \/2/\ 1(\ 3}5\ 0
Uncertainty in measurement of power 1,0 Normal 1 });{/ 0
transmissgion loss of adapter and waveguide.
Combinefd uncertainty RSS \ ¥ \/.{,5 w0
owey s

AN
@8 This |s calculated for 8 dB return loss to the waveguide, 30 dB retwtn Nr ensor, ahd 25 dB
return loss for the output port of the coupler.

7.3 Calculation of the uncertainty k 6

7.3.1

The co hall be recorded with desgription,
probability distribution, sensitivity coeffici ertdinty value. A recommended| tabular
form is [ dard uncertainty u. shall be esgtimated

(63)

where ¢ is t ansNjvi oefficient, and u; is the standard uncertainty. The expanded
uncertaint B esti d’using a confidence interval of 95 %.

7.3.2

The exganded unceridinty with a confidence interval of 95 % shall not exceed 30 % for peak
spatial-szerage SAR values in the range from 0,4 W/kg to 10 W/kg.

If the actual measurement uncertainty (uncpq,s) is not within + 30 %, the reported psSAR
(psSAR5recteq) May need to take into account the percentage difference between the actual
uncertainty and the + 30 % target value by

PsSARorected = PSSARmeas (1+ tncmeas —0:3) for unc g, > 0,3 (64)

where psSAR, .55 IS the measured peak spatial average SAR value. Note that linearity and
noise level have to be verified beyond the values above due to the required signal-to-noise
ratio and to the large peak-to-average ratio for some of the communication signals.

For 1 g peak spatial-average SAR values outside of the 0,4 W/kg to 10 W/kg range, additional
procedures and considerations, not included here, may be required to achieve an uncertainty
no greater than 30 %, as is recommended for measured values within that range. In all cases,
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the measurement uncertainty shall accompany the measured SAR results in the test report.
The expanded measurement uncertainty for Table 13 shall be within + 10 % for £ = 2.

Table 13 shows the reproducibility for a system check (see Clause D.2). The reproducibility of
the system check takes into account the variation in system check measurements over time
on the same measurement system or several systems of the same type and manufacturer. It
gives an indication that the system operates within its specifications. High drift system failure
and operator errors can be easily detected if the deviation from the target value of the dipole
during the system check is higher than the reproducibility of the system check uncertainty.

@C@
8
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Uncertainty of fast SAR methods based on specific measurement procedures and
post-processing techniques

7.4.1 General

One class of fast SAR methods is based on measurements made by equipment that conforms
to the requirements of this International Standard but special techniques are applied in order
to improve the measurement speed. For the above class of fast SAR methods, the uncertainty
shall be determined following 7.4.2.

7.4.2 Measurement uncertainty evaluation

7.4.2.1 —Generat

Two ungertainty budgets are presented in 7.4.2.

a)

b)

The follpwing u
fast SAR mea
uncerta 2 ighti oefficient of ¢; = 0 in Table 14.

Table 14 is the uncertainty budget to be used when a fast SAR i iegt. When
relative assessments are conducted fixed offsets shall be | loded, in h unc talrty. Also,
fixed offsets that are specific to frequency and oper .g. due to
calibration uncertainty and modulation) shall be included.

Table 15 is the uncertainty budget for the syste ts. This
uncertainty budget is very similar to the uncertai

The|measurement uncertainty for a fast SAR 8 i iveé values,
for easons explained above. All i i affeeting the relative levels of
the |peak spatial-average SAR s S rigprous way, using siatistical
techpiques presented in Clause 7 w ate: Adeseription of the proceduries used
in thie evaluations of uncertainty coptributions shall*ke included in the measurement report.
The |measurement uncertainty budg i ainty of
the measured SAR valus for o , aneompared to the measured SAR of the
othefr test conditions that\ha 2Een sing the same hardware and|method
using the same tis Juiva liquiddielectric parameters. To practically achieve the
last fequirement, iquik e“variations shall be those specified in 5.1.

efed to be negligible for the relative uncerjainty of
he same frequency band and modulation| These

Probe calibrationy Thi is negligible if the same probe is used for all fast SAR tests,
and | the \calibration\;Unsertainty represents a fixed offset for a probe with A given

The|sa Qbe& shall be used for all tests if a zero contribution of the probe calibration

Response’ timesfor relative assessments, the deviation in measured SAR due tq a fixed
time| spent by the probe at a measurement location is the same, so this term |may be
neglected.

RF ambient conditions due to reflections: The influence of reflections is the same if the
fast SAR measurements are made in the same laboratory under the same conditions and
at the same measurement frequency.

SAR scaling: This term is negligible since the same modulation is used for fast SAR
measurements, which are grouped for each specific modulation at the beginning of the
fast SAR procedures.

Uncertainty in SAR correction for deviations in permittivity and conductivity: If the
same tissue-equivalent liquid is used and fulfils the requirements specified in 5.1 over the
duration of all of the fast SAR tests, then this term is negligible.

Liquid conductivity measurement: The uncertainty in liquid dielectric parameter
measurement is negligible if the same dielectric parameters are used for all tests since
fast SAR assessment is a relative assessment.
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— Liquid permittivity measurement: This term is also negligible for the same reason as
above.

— Liquid conductivity — temperature uncertainty: The same liquid and liquid temperature
are used for fast SAR testing, so this uncertainty term is negligible.

— Liquid permittivity — temperature uncertainty: This term is negligible for the same
reason as previously described.

NOTE Some of the uncertainty terms are considered to be the same as those presented in Table 11. These are
limited to those uncertainty terms that are related to the differences in the measurement time and the measured
points used in fast SAR tests from full SAR tests. Evaluation of these terms is described in the appropriate
subclause of Clause 7, as indicated in Table 14.

— Axial and hemispherical isotropy: This term is applicable since the field polarization
incident on the probe is different at different measurement locations.

— Boundary effect: The requirements of the distance of the probe tip to m shell
are the same and are measured at the same frequency, so the u i scribed
in 7]2.2.5 shall be applied, but the penetration depth used to i ertainty
shal| be set according to the measurement frequency.

— Line€arity: This term is applicable since the range of SAR Hifferent

fast SAR tests are different.

— System detection limits: This uncertainty term j i S e same reasons as for
linegrity uncertainty.

— Modulation response: This term c2 AR level and modulation. If
the same probe is used for all fagt SAR ¢ ' enpfobe response to the same
modulation is the same. However, ; measured by the fast SAR
method varies from one test to anot shall be applied.

— Integration time: This uncertaint iscdue_to>deviations in capturing the signal
modulation over a fixed itvaries from point to point. THe same
procE gration time uncertainty for fdst SAR
mea

- RF
appl

- eI’ IV 3 3 certainty: Deviations in the probe positioning fesult in

Noise present during the measurement is

positioning with respect to phantom shell: The probe
applicable for fast SAR testing for the same reasons explained

- i i ing: This term applies since the DUT positioning varigbility is

Dev|ce/holder uncertainty: This term applies for the same reason as for test[sample

pOSiLiunilly uuucltaillty.

— Output power variation (SAR drift): The drift of the output power of the device during
fast SAR tests shall be applied. The value of this term may be lower than that for full SAR
testing, due to the shorter measurement time.

— Phantom shell uncertainty: If the same phantom shell is used for all fast SAR
measurements, the full phantom shell uncertainty described in 7.2.4 does not apply.
However, for the same phantom shell, the thickness can deviate from one location to
another. Therefore, the distance « used in Formulas (34) and (35) shall be applied
according to the maximum thickness deviation expected for a phantom shell, according to
information supplied by the phantom manufacturer. The deviation term of the shell
permittivity in Formula (35) is not applied, since any spatial variations in the permittivity of
the same phantom shell are expected to have a negligible impact on SAR.

In addition, there are two additional uncertainty terms applied for fast SAR testing:

— Spatial resolution (x- and y-directions): described in 7.4.2.2.
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— Post-processing of measurement data: described in 7.4.2.3.

The relative uncertainty budget is shown in Table 14. It is possible that the relative
uncertainty of a fast SAR system is lower than the measurement uncertainty of a full SAR
system, due to the presence of zero terms in some rows of Table 14.

Additional terms are added to account for the post-processing of the SAR measurement
results related to the fast SAR method employed. These terms are dependent on the specifics
of the fast SAR system used (e.g. whether it uses a regular grid with fewer points, whether an
irregular grid is used, whether points in the z-direction are used, or a combination of these),
and on how the peak spatial-average SAR is estimated from the measured values
(e.g. |nterpolat|on extrapolation averaging). Fast SAR methods falllng into the class

described easy 3 e in the
area and/or zoom scans descrlbed in 6 4. The post processmg uncertaj [ ons are
affected in the uncertainty budget, since fast SAR methods considered in 6.t ally|change
the positions of the measurement points and use a reduced numb ; 3] points.
The cod Pited to

spatial b 19 or
10 g pepk spatial-average SAR shall hence be evaluated j c to the
chosen [fast SAR method. The evaluation of uncertainty caftribyti hlysis of
the extr Bverage
SAR, upi may be
concept shall be
based ¢ gst SAR
method

Given t X : may not conform to all of the
normative requirements provided for S d/or the zoom scan, the ungertainty
term fo extrapolation i lgorithms used for full SAR tgsting is
replace spati plution and the post-processing, as de¢scribed
below.

7.4.2.2 Spati

The uss 5 is expected to introduce additional uncertafinties in

identifyi g ions.VAs described in Clause D.4, the range pf SAR
distribufions andreu t are/supported by the fast SAR method shall be proyided as
a resulf R od validation. These SAR distributions may differ from the
referend i i n 7.2.10.2. Moreover, the distributions supported by [the fast
SAR me \ i

The SAR distriQutions, i e x- and y-directions are in general given by the functions f,(x) and
fy() in Formulas nd (66), respectively.
- .
-d
Sl = Ay oxg) ~ =S (65)
| 20y
:  (-ayP
fy(J’):Ay exp _# (66)
| 20y ]

In the above formulas, 4, and 4, are normalization amplitudes of the same value (4,
while, o, and ¢, are constants for the spatial gradients in the x- and y-directions, respectwet/y
The terms d, and d are the coordinates of the peak SAR location.

The procedure for evaluating the uncertainty due to the spatial resolution in the x (or y)
direction is as follows.
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a)

b)

d)

e)

f)

g)

7.4.2.3 Post-processing of measurement data

Determine the range of values of g, [or ¢,] from the range of SAR distributions applicable
to the fast SAR method (this value may be provided by the fast SAR method developer).
For each value of g, [or 5], follow Steps b) to f).

For each value of d, [or d,] ranging in 1 mm steps from 0 to max(Ax)/2 [or max(Ay)/2], i.e.
half the largest measurement resolution of the fast SAR system, follow Steps c) to f).

Sample the function f,(x) [or f,(v)] at points corresponding to the measurement resolution
Ax [or Ay] of the fast SAR system.

Interpolate the evaluated points according to the interpolation resolution and the
interpolation functions used by the fast SAR method.

Apply mass averaging according to the algorithm used by the fast SAR method and find
the peak spatial-average value over 10 mm and 21,5 mm (corresponding to the length of
1 g and 10 g cubes, respectively).

Conmpare each of the two peak spatial-average values calculatéd in vith the
analytic value of the integral of Formulas (65) or (66) over thé i (or the
value computed for 1 mm sampling resolution of the two fun ne the
perdentage error between them.

Recprd the highest of all of the errors found in Sté with a

rectangular distribution.

This un¢ not covered previously in
7.4.2.2, ¢ ahd deviations due| to any
predicti i o i decay in the z-direction is generally
easier t i istri N i S 8 ections. For this reasop, some
fast SA ints wred in the z-direction to reduce the
measure i : ' >h may be estimated from| limited

measure¢ S is based on measurement paraimeters.

To eval

reference function f,(z) is used, as sll:own in

Formulg b (see 3.21 for the definition), 4 is the amplitude
of the s d is the variance in the system noise and fnd(¢) is
a normglly-distributed ra bex geperator with a mean of zero and a standard deviation
of one. iable 8] sged. Note that the function £, shall be evaluated|at least

4 000 ti i ¢ inets standard deviation as a function of the noise.

f,(z) = Aexp[-2z/ 5]+ Nymsnd(&) (67)

The pro sluating the uncertainty due to the spatial resolution in the z-dirgction is

as folloy

a)

b)

d)

Determimethe Tange of vatuesof $ fromthe Tange of SARdistributionrs—appticabte to the
fast SAR method (this value may be provided by the fast SAR method developer). For
each value of ¢, follow Steps b) to e).

If the fast SAR method uses measurements in the z-direction, do the following:

1) sample the function f,(z) at points corresponding to the measurement resolution and
minimum distance dj,, (as defined in 7.2.10.3.2) of the fast SAR system;

2) extrapolate the measured values to the phantom inner surface (z = 0);

3) interpolate the evaluated points according to the interpolation resolution and the
interpolation functions used by the fast SAR method.

If the fast SAR method uses a SAR decay function instead of measurements in the
z-direction, use this function to represent the SAR decay over the range 0 <z < 21,5 mm.

Calculate the average value of the interpolated values from Step b) or the pre-determined
decay function in Step c) over L = 10 mm and L = 21,5 mm, using the averaging method
used by the fast SAR method.
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e) Compare each of the two peak spatial-average values calculated in Step d) with the value
calculated from Formula (68) and determine the percentage error between them.

)
fal2)= AZ[EJO ~exp|-2L15)) (68)
f) Record the highest of all of the errors found in Step e) as the uncertainty, with a
rectangular distribution.

The expanded uncertainty for relative fast SAR tests, with a confidence interval of 95 %, shall
not exceed 30 % for peak spatial-average SAR values in the range from 0,4 W/kg to 10 W/kg.

@%
8



https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

97—

IEC 62209-1:2016 © IEC 2016

- - _ g ejep
* _‘ ‘ er d eers juswainseaw jo Buisseooid-}sod
© - - \_‘ l ep o - vl uonoallp-4 ‘uoinjosal |enjeds
* - -7 \V\/ b ep S| > zTYL uoljoaJip-x ‘uopn|osal eneds
- _ |1I9ys wojueyd
i \ x F\ F Er d zee. 0} Joadsal yyim Buluonisod aqoid
o - - - ) 20UelIa|0}
; \/Mu/ M d 1'ezl |eoiueyoaw Jauolyisod aqold
- - ) suoljoa|yal
. ° \ @ e o 6¢L — SuoljIpuod jusique 4y
N4 \<
o - - - a 9S|0U — SUO[}IPUOD Judiquie
L ﬂ N \/ er S| 6. ! 1HPUOD juslquwe 4y
- _ ] _‘ // _‘ o - 82CL awr} uonelbaju|
A N
® - - 0 ﬂ 0 m) S| - NAA] sw) esuodsay
o - - 0 @ \V \ N - 92C. S01U0J}08|8 INopedy
o - - l l A\m\(\ v o - vzel asuodsal uolle|Npoy
* - - b &_‘ \“V\ ¢ - [ AYAVA SHwi| uonosleQ
« - - b Y \2 N\ > - €Tl fjuesur
o - - b b /mwu \m_ \ - N A 10848 Aiepunog
- - _ (jeoeydsiway
- r g e [AAAVA pue |eixe) Adoijos|
o - - 0 0 I \/\\A V g xouuy uoljeliqiies aqold
—
< \\/ wajsAs Juawainseap
(6 01) (61) /\ SV 7~
% F % F (601) (61) E2
, Kjureysaoun Kjuieysaaun uolinquasit
¥ 10'a piepuejs _"—.‘__mucﬁw £ 5 ‘Al Aynqeqoad M Ajufengoun bi3diiosaq Ajuieyiaoun jo 892unog
- .. ; ;

S)S9) YVS 1Sk} aAlje|al 1oy }39bpnq Ajuieysaoun Jusawainses| — 1 ajqel



https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

IEC 62209-1:2016 © IEC 2016

— 908 —

8 ueo 1ey] swla) Ajulensoun YL ~G|

0 =24
[ged Ul UMOYS SI poyjaw ¥yS 1se) e Buisn pawlopad yoeyos wajsAs

0 sjualole09 bupybiom aney pajos|bau
oy} Joy 12b6pnq Ajuieysoun aAnelal syl

(jeatalul @ouUaplUOD % GB)
Ajuiep@oun papuedx3g

ne,

Ajuiepeoun piepuejs pauiquio)

(painseaw) Ayaiiwaad pinbiq

v
4
G/,

(Ayurey@oun
alnjesadwayl) AyAiwiad pinbiq

0

(painseaw) AjAionpuod pinbiq

OV oW lown | gwW
©O|©0©|C0®|g®©

AN NN NN N

(A&yurey@oun
ainjeladwa)) ANIAONPUOD pinbiq

[AVARAV

AJIAI3ONPUOD
pue AjAniywaad ul suolelnap
JOJ UOI}994400 YVYS ul Ajuiepsoun

vl

(Ayuiep@oun ssauyoliy)
pue adeys) Ajuielaoun wolueyd

dn-jas pue wojueyd

\ .

L'e'L

Buljeos ¥vs

8'¢.

Juswalinseaw JUp YvS

(AN AV

Auiepaoun Japjoy a21A8Q

<; \Q\}Q

§'¢L

Buiuonisod ajdwes s8]

/

poajejas ajdwes 3sa]

H% jo'a

(6 01)
o\o H
Ajujepiaoun
piepuels

(6 %)
o\o H
Ajureysaosun

(61)

uonNqLSIP

N
s/
7
4

piepuejs

"A1Id

Ayqeqoud

Kuieyaosun

uonduossaqg

Ajurey9oun jo 8sunog

9 /b6 xo
=1

9/4x2
=y

(1r'p)#
=9

p

]

q

e



https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

St

— 99 —

- R ejep
0 ep d eecvs juswalinseaw jo Buissaooid-}sod
- - Mu\/ 0 ep S| zTyL uonoallp-4 ‘uonniosal eneds
} /uN \\o \ 0 ep o AYAR 4 uofjoalip-x ‘uolinjosal |eijeds
B ; \x L € N ze7) [loys wojueyd
i N M 0} 108dsaJ yum Buluonisod aqoid
- - < U 2oueIa|0}
y N ep 3 Vee's |eojueyosw Jauolyisod aqoid
R - < ~/ . suoljossal
0 EN d 6¢.L — SUOI}IPUOD Judique 4y
- - 0 // \\nb S| 62, 9SI0U — SUOI}IPUOD Judique 4y
- - 0 \y\ Qw/ Y 821 awy uoneiBayu
- - 0 /.@ \@z \ d I AAY awy) ssuodsay
- - 0 0 A\r \ v N 9¢¢L SO1U0I}03|8 Jnopeay
- - 0 k \ﬁ \mﬁ > L AYAYA asuodsal uoneNpon
- - 0 o \m\/ \ w_\/ I ArA SHWI| UOI}08}8p WoISAS
- N 0 0 K\M\\ M_ \ A AV Ayeaun
- - 0 0 \&\ S| Gzl 1094} Aiepunog
- - 0 0 Am\( Ww_ [AYArAVA Adousyos|
- - [ L b/ X_ A (1 = ¥) Yup uoneiqi|es aqoid
\ wo)sAs juswainsesyy
(6 01) (61)
% F % F (601)
Ayuieysaosun fieyf@sun uolnnquisip
piepuejs paepuels 5 Ald fyjiqeqouad bi3diiosaq Ajuiejsasun jo asinog
a/bxo B /J %2 Orpy
=1 =y b T 5 p q e

IEC 62209-1:2016 © IEC 2016

spoyjaw YyyS Isej Buisn yooayo wajsAs 1o} }30b6pnq Ajuieliasun Juawainsea|y — G| ajgeL



https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

IEC 62209-1:2016 © IEC 2016

- 100 -

(JeAlalul @ouU8pIIUOD % GB)
Ajuieysoun papuedxy

Ajurey@oun piepuejs pauiquio)

gr

<9

Ajuieyaoun
ainjeladwa) — AyAaiiwiad pinbiq

g

©©

Ajuieyaoun
ainjeladwal — AJAIONPUOD pinbi

)

Juswalinsesaw AjAiwlad pinbi

©O | 0® |00 |w©w®©
AN NN NN NN
FNG N NG U NG U NG

© WY

Juswalinseaw A}IAI}ONPUOD pinbiT

N
™~
N
~

AuAnonpuod
pue AjAijiwaad ul suoleinap
10} UOI}081100 HYVYS Ul Ajuleuasun

vl

AlAamiwiad pue ‘ssauyoly) ‘edeys
— Ajuieyeoun ||ays wojueyd

siojoweled anss|} pue wojueyd

€L'¢L

SUOIINQIIIUOD 824N0S 18Y}0

8¢CL

Juswainseaw
HUP YVYS pue somod ndu|

} <\(> D%

[4 34

$90INn0S
|ejuswiiadxe usamiaq uoneiraqg

924n0s )29Yd wajshg

#% 10’2

(6 01)
% F
Kyujepiaoun
plepuels

(6 )
% F
Aypiejsaoun

uonNqLSIP

plepuejg

"Ald

Ayiqeqoud

Kuieyaoun

uonduossaqg

Ajureyaoun jo 92inog

a/bxo
=1

9/4x9
=y

(1r'p)#
=9

p

9

q

e



https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

IEC 62209-1:2016 © IEC 2016 -101 -

8 Measurement report

8.1

General

All test results shall be recorded in a measurement report and shall include all the information
necessary for the interpretation of the DUT configurations tested, calibration performed and
all information required by the method and instrumentation used.

A measurement report compliant with ISO/IEC 17025 and including as a minimum the items
listed below will demonstrate compliance with this Standard.

8.2

giving results within the required calibration and uncertainty lim#
measurgment report shall include the following.

a) Gengeral introduction.

b)

ms to be recorded in the measurement report

Identification of the test laboratory.

[
r
q
B
/
t

1) Measurement systen

5)

electronics, de

For the pgi?s
-+ dimen

-+ isotropy;

rements
;d. The

5, serial

perform

readout

Lrement
in the

(
S
It
[\ner\rir\ﬁnn of tha intarnaolation and aviranaolation alaorithme icad in tha Aara
boseription—ofthe—interpolation—and—oxtrapolation—algorithms—used—inthe—are
and/or zoom scans shall be documented in the test report.

Dielectric liquid(s) and materials used and characteristics.

For each tissue-equivalent liquid or material used, include

— dielectric properties for each frequency band,

— deviation from target value,

— liquid temperature,

— composition summary of the tissue-equivalent liquids.

Results of system check.

— Measurement results for each frequency band.

— Deviation from the SAR target value.

— Radiating source description.

8 Scans
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Uncertainty estimation (system check for SAR measurement, system validation and fast

SAR measurement if used).

1) To include measurement uncertainty values from Table 11, Table 12, Table 13,
Table 14 and Table 15.

2) Any other relevant items.

Device and test details.

1) Description of the form factor of the DUT and a brief description of its intended
function.

2) Description of the positions and orientations to be tested, including photos, and
rationale for any test reductions.

3) Description of the available and tested antenna(s) and accessories] including-bhtteries.

4) Description of the available and tested operating modes, powegt and frequency
Bands and rationale for any test reductions.

5) Testing environmental condition, e.g. temperature.

6) Results of all tests performed (peak spatial-average g te¢st, and
graphical representation of the coarse scans wj i for the
maximum SAR value of each operating mode) and detai i Its.

The|measurement report shall include the followirig infor ining to the validation

of the SAR measurement method

1) Description of the validation proge

2) Results of the computations, m r assessments performed by
the method developer in order to ¥ali asirement method.

3) A nethod developer and applief by the
yser to satisfy the S )4

4) Radiating source de K \ ution for each frequency band.

5) Range of operati \Ci nodudations, device operating configyrations,
gxposure c¢cond 'strl tions for each frequency band specifi¢ to the
method. Q

6) $AR uncertaip

7) ements, details of any modifications to post-prgcessing

ented for full SAR measurements

SAR

Wh ocedures are applied during the SAR measurements of a QUT, the

test [repart lyde additional information related to the following test reduction

altefnative

1) Test'reductior for different operating modes at the same frequency (see 6.7|2). The

test'feport shall provide a detailed description of how the conditions of 6.7.2 hajve been
met.

Test reduction based on characteristics of the DUT design (see 6.7.3). The test report
shall include drawings or photographs illustrating the layout and locations of antennas
in a handset and describing the wireless operating modes applicable to each antenna
to support the test reduction and exclusion considered.

Test reduction based on peak SAR level analysis (see 6.7.4). The test report shall
include a systematic description of how the test reduction protocol described in 6.7.4
was applied for the measurements of the device under test.

Test reduction based on simultaneous multi-band transmission considerations
(see 6.7.5). The test report shall include the measured time-averaged output power
and how it meets the threshold power level available, as per Formulas (18) and (19).

g) Report summary (for all fast SAR and full SAR data).
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1)

4)

5)

7)

Frequency bands and configurations.

i) List of all frequency bands and modulations tested using a fast/full SAR method.

ii) List of all test configurations assessed using a fast/full SAR method.

Tabulated SAR values over the testing positions, bands, operating modes and device

configurations.

Tabular and graphical results for the highest fast SAR measurement for each

frequency band and modulation.

Results of all full SAR tests performed as a result of 6.4 and 6.5, which include the
peak spatial-average SAR value for each required test and graphical representation of

the scans with respect to the device.

he values related to the conditions of Formulas (10) to (19) shall be~Nqocum

he test report.

systematic rationale based on 6.6 and 6.7 for excluding fu
e provided.

Tl I+

Reference to exposure limits and a statement of comg
mits and compliance statement.

&

bnted in

hts shall

KXposure
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Annex A
(normative)

Phantom specifications

A.1 Rationale for the SAM phantom shape

Phantoms are essential components of electromagnetic dosimetry. While it is desirable that
they emulate the anatomical details of the body part they represent, it is not always necessary
or practical for them to do so. It is therefore important to define and standardize the relevant

feature

The statistical breakdown of anatomical shapes and sizes can be &d hthropo-
metric i hape. A
1988 amthropometric study of U.S. army personnel provides data to\d i pulation
coverag ~ e of the
SAM ph

Dosime rgy and
constitu 8], [89],
[90], [1] ensure
that we a lower

exposure.

The badg
and ant

The ear

protrusi hape of
the ear correct
and rep| j adults
and chi for the
head tissue [16]0

A.2 $AM pha

A.2.1

The dimg le male
head dg ure A.1.
Table A t (ERP),
a thickn including the 2 mm shell is selected to model the external ear|(pinna).
This thipn «€ar’spacer also simulates users with small ears, and gives a conservative SAR
represe'\fnfinn A qu’rpm of reference Inninfq and reference lines is used to correlate the

handset positioning with the phantom (Figures A.2 and A.3). The point "M” is the mouth
reference point, "LE" is the left ear reference point (ERP), and "RE" is the right ERP. The

ERPs a

re 15 mm posterior to the entrance to ear canal (EEC) along the B-M (back-mouth)

line (Figure A.2).
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NOTE T
measured

b A.2 are
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Table A.1 — Dimensions used in deriving SAM phantom from the
ARMY 90th percentile male head data (Gordon et al. [56])

Ref. Anatomy Gordon report [mm)] SAM Deviation
[mm] [ %]
Mean value Standard 90th
deviation percentile
H15 | Bitragion Chin Arc 325,8 13,4 3431 329,3 -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 3141 -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 ( 305X%\ -0,3
H60 | Head Breadth 1517 5.4 158,6 / |\ 1584 0,1
H61 | Head Circumference 567,7 15,4 5873 \ . 5948 1,3
H62 | Head Length 1971 7,1 /\@\ \ZQG,O 0,0
H77 | Menton-Sellion Length 1219 6,5 130,48 yzs, 4.1
H80 | Nieck Circumference 379,6 19,7 | 3{{5\3\ 3@5,4 25
Y
Table A.2 — Additional SAM di ions compared with
selected dimensions fro eA 9Qth- er{?tile ale head data
(Gordon et al. [56]) —spetialist head/measurement section
Ref. Anatomy /A GQrHQn réﬂort [mm] SAM De¢viation
[mm] [ %]
ea tandafd 90th
/\ value deyiation Percentile
H3  [Bigonial Breadth N \@,9 V?,g 129.2 130,0 0,6
H6 |Bitragion Breadthl 144,8 6 152,3 152,7 0,2
H10 Chin-Back@NﬁaQ 2 W 10,3 207,3 206,5 0.4
H11 |Chin-Top of\-r/e?d\ > >216,8 8,9 228,3 220,4 35
H18 [Glabella-B ?\@ad § 199,7 7,2 208,5 209,2 0,3
H19 GlabeWp\Qf »\-r@v\ 96,2 7,3 105,6 104,4 -1,1
H30 Mento\-Top%Q{{aaﬁ\ 232,0 8.8 243,3 246,7 1,4
H36 @l%n\é\a\ck H‘ead\ 197 7.1 205,9 205,3 0,3
H37 Selwwfﬁga 112 6,9 120,9 121,7 0,7
H38 Stomion-wead 199.4 9.6 211,9 211,4 0.2
H39 [Stomion-Top of Head 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 57 138,2 138,2 0,0
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Key

B Direct
F Direct
N Direct|
M  Mouth
RE Right

ERP Ear reference point
EEC Entrance to ear canal

on of B-M line back endpoint
on of N-F line front endpoint
on of N-F line neck endpoint
reference point

par reference point (ERP)

Figure A.2 -

Dimensions in nf

Key

10 mm =10 mm sguare

| IEC

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)

Figure A.3 — Side view of the phantom showing relevant markings

illimetres
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The plane passing through the two ERPs 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 specifications.

NOTE Thpe full-head model is shown for illustration purposes only. The procedures i rd'aie derived
primarily for the phantom set-up shown in Figure A.4.
A.2.2 Phantom shell
The phgntom shell with integral solid ear spacer, as specified i ) shall be
constru¢ted from chemical-resistant, ¢ relative
permittiyity between 2 and 5; however, less than 2 is acceptable™gr Treyg 2i 3 GHz.
The los$ tangent of the phantom shell shall be less shown
that at higher frequencies, particularly above 3 GHz th D t{ivi ell, has
an incrgasing impact on SAR measurement uncert ) . SAR is
affected by the shell even though the is~thi i bri i h lower
than the tissue-equivalent liquid. Speci \ iati in the SAR
depends e [ and the
distance between the antenna and the i s ~ of the
shell beg i vEIuation
shall bg conducted above/ S . Il shall
have a folerance of less f : i € @ within
the projection of the h ' 3 the ear
and the extended pe imete G nade of
3 se listed

materials resisti
in Anneix 1), to av

& the + 0,2 mm toIerances. For non-critical areas,

i.e. the central strlp as shown in Figure A.5, the thickness tolefance is
allowed

The CAD fi ' e reference plane is given in Figure A.6.

NOTE Tpe for use in the basic manufacture of the SAM phantom standard test fixture by groups
having th ) S *.igs files of inner and outer surfaces for the left|and right
halves ex AD model of the SAM phantom are provided with this standard at XXX. Thg four file
names are:

1) sam_|ft.in/6_11.igs

2) sam_Ift_out_6_11.igs
3) sam_rt_in_6_11.igs
4) sam_rt_out_6_11.igs
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Dimensions in millimetres

100
80

Figure A.4 — Sagittally bisected phantom with extended perimeter
(shown placed on its side as used for device SAR tests)

r Central strip
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AM at the reference plane

A.3 H

The shsg r with a
flat bott system
check.

Any flat toms ly using
the sysiem_va 't/ > ge SAR
less thg Yon i hantom
dimensi

The flat phdlltulll th” h n fU“UVV;IIg bhapc all‘:)I diIIIGIIb;UIIb.
a) Unless specified in Step b), the shape of the phantom shall be an ellipse with a length of
600 mm + 5 mm and a width of 400 mm + 5 mm (see Figure A.7).

b) For frequencies above 300 MHz, phantoms with other shapes and smaller dimensions are
allowed as follows:

— between 300 MHz and 800 MHz, the phantom flat bottom wall may have any shape
that encompasses an ellipse with a length of 0,6 1o and a width of 0,4 /5, where /; is
the wavelength in air;

— between 800 MHz and 6 GHz, the phantom may have any shape flat bottom wall that
encompasses an ellipse with a length of 225 mm and a width of 150 mm.
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Dimensions in millimetres

r — — — — h — O E— O E—  S— 0 S— b — f — *-1 :r

600 £5 1‘

e elliptical phantom

Figure A.7 — Dime

The phgntom shall be filled with head {issue~sim id. To minimize reflections wjthin the
phantom, the depth of the homogeneous n% at least 15 cm. Liquid depth of less
than 15[(cm can be used it i rate ..usihg numerical simulations) that the effect
of refle i AR is less” than 1 %. If the effect of reflecfions on
peak spjatial-average $ i gss than 3 %, the maximum uncertainty shall

be addgd to the uxncektainty b gntom shell shall be made of low-loss gnd low-
permittiyity mat i

1<k

2< kg <

The thi¢
+0,2m

ess\ of \thenbottom-~wall of the flat phantom shall be 2,0 mm with a tolenance of

Effects due/to deviations of phantom shell parameters and thickness shall be
included ifivthe uncertainty estimation.

The phantom shell material shall be resistant to damage or reaction with tissue-equivalent
liquid chemicals used in it.

A.4 Tissue-equivalent liquids

To derive appropriate parameters for homogeneous liquids, a simple analytical model of an
infinite half-space layered tissue model exposed to a plane-wave was utilized to investigate
the impact of impedance-matching, standing-waves, etc., on the peak spatial-average SAR by
the authors of [33] for frequencies up to 3 GHz and by the authors of [15], [16] for frequencies
up to 6 GHz. The tissue layers were varied in composition and thickness to represent the
anatomical variation of the exposed head region, covering the user group including adults and
children (between the 10th and 90th percentile). Based on the worst-case tissue layer
compositions with respect to absorption at each frequency, homogeneous head tissue-
equivalent liquid dielectric parameters for homogeneous modelling were derived to ensure
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that the peak spatial-average SAR is the same (or slightly higher) than the peak spatial-
average SAR in the layered models. The Cole-Cole model of the dielectric tissue properties
was used which can be obtained from [50]. The validity of this approach for near-field
exposure was demonstrated by replacing the plane-wave by half-wave dipole and quarter-
wave monopole sources in the closest proximity to the layered structures, as well as by
comparison with results from magnetic-resonance-imaging (MRI)-based non-homogeneous
human head models of adults and children from the literature.

Table A.3 shows the relative permittivity and conductivity of the resulting head tissue-
equivalent liquids as published in [33]. For dielectric properties of head tissue-equivalent
liquid at other frequencies within the frequency range, a linear interpolation method shall be
used. Examples of recrpes for I|qurds havrng parameters as defrned |n Table A. 3 are given in
Annex |FHhe—meas - . —sF - ad in the
SAR caljculations. ThIS measurement can be performed usmg the equrent ang procedures
described in Annex J.

Table A.3 — Dielectric properties of the head tissu q ivale

iqui
Frequency Relative permittivity Bon uctM (o)
MHz gr Q \

300 453 0,87
450 435 () 0,87
750 1.9 \\" [/ 0,89

835 7 “aABn » U N 0,90
900 s\ YN ) 0,97
1450 PRI 1,20

1500 [ 40D N O\ 1,23
1640 NN 1,31
1750 < [ Yol ) 1,37
1800 N N 40,0 ) 1,40
1900 | \ 40,0~ 1,40
2000\ > 40,0 1,40
2108 A\ 39,8 1,49

2300 < RAL 39,5 1,67
245¢ '\ ) 39,2 1,80

00\ \ 39,0 1,96
3 000~ (\ > 38,5 2,40
N500 e N\ 37,9 2,91

2090 P 37,4 3,43
600\ 36,8 3,94
5000~ ) 36,2 4,45

5200 36,0 4,66
5400 35,8 7,36
5600 35,5 5,07
5800 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. [33] or the extension to 5 800 MHz are provided (i.e. the values shown
in ijtalics). 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

B.1 Introductory remarks

Currently available SAR probes are based on Schottky diode detectors. The measured signal
at the output of the probe is a voltage proportional to E or E2, depending on the magnitude of
the electric field strength, which determines the operating point on the diode characteristic
curve.

Most isq i [ [ i i elr centre
gaps. T ' i ghitude
is propd In the
square- | to the
mean s Itage is
compres 5 due to
manufag¢ sensor,
which s ent.

Probe calibration for SAR testing in liquid will p AR or an E-field cofversion
factor. Because SAR is proportional t¢ liguid ivi el/calibration in terms| of SAR
would Be valid only for liquids with “the 3 gtivity. The E-field sgnsitivity
depends iqui Nt ensitive to the conductivity alone.
Calibrat] i -fi ave a broader range of validity, and is
therefor i asti i e tissue-equivalent liquid prpperties

vary slightly over time.

Probe dalibration is us eg-step or two-step methods. In the two-step

method] the tota@j

3 3 .
Z|Ei|zzzfi(Vi) (B.1)
; i=1 nvyi
Here, E{Ai the coOmponents resulting from the projection of the E-field vector on
the thre g sensgrs, f;(V;) is a linearizing function of the rectified sensor signal 7}, »;
in [uV/( *Nis-the sensitivity of dipole sensor i in air, and y;, is the ratio of sensor response
in air to|the resporse jh the dielectric media (sometimes referred to as the conversion [factor).

The linearizatiom function 7, (7;) s ot onfy a functionm of the RMS—vatueof 7, but also
dependent on the signal. Nadakuduti et al. [116] has shown that CW and periodic pulse-
modulated signals with constant amplitude (e.g. GSM) can be more easily corrected for
linearity than communication protocols employing complex modulations with stochastic signal
envelopes. Acceptable linearization of complex modulations can be obtained over a wide
dynamic range with a linearity uncertainty of less than 0,4 dB (see Nadakuduti et al. [116]).

This two-step method has also been called a three-step method (Meier et al. [104]), where the
third step involves the linearizing function £;(7;). In the one-step methods described in B.3.3,
the total field is given by Formula (B.2):

ZIEI -3 A (®.2)

i=1 7i
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Here the 7, factors are included in the total in-tissue sensitivity y;. Another one-step procedure
based on a standard antenna method is described in Person et al. [128].

Probe calibrations are valid only when the sensors are sufficiently far away (at least one
probe-tip diameter) from any media boundaries. When the probe is close to such boundaries
and compensation is not applied, the sensitivity can change (boundary effect). The boundary
effect, as well as the isotropic response of the probe, shall be assessed using separate tests,
as described in 7.2.2.2, 7.2.2.5, B.4 and B.6.

B.2 Linearity

Probe |mearity s mtroduced—and—exptamed m 7.2.2-37 the associated7unc can be
determined as per the methods set forth in 7.2.2.3 for CW signals and dulated
signals.| Clause B.2 describes a general methodology for assessi of any
signal.

The non-linear sensor response of the diode detector f,(V;) that i i ield strength
and signal characteristics shall be linearized prior to i nsitivity
(see Clause B.1). This is best performed using an ampli an with|a well-

defined|incident field having the corresponding sig vy of the fpllowing
set-ups|can be used provided the dynamic range of interest ed i 3 dB or
less. A jtrue RMS power meter or an appropnat e used as
referenge. The linearization parameter i ‘ -ty sensor by assesging and
removinlg the linearization error betw B€ Eic meas and the jincident
field E;,|. as shown in Formula (B.3):

(B.3)
An appfoach is d i ove the
linearization err [
B.3
B.3.1
The se calibration
proced
B.3.2 Two-step calibration procedures

B.3.2.1 General

The total field shall be evaluated according to Formula (B.1).

The separation of the probe sensitivity into two factors (7, and y;) allows the use of certain
standardized free-space probe calibration procedures and provides additional validation of the
probe performance and calibration set-up.

B.3.2.2 Sensitivity in air (first step)

The most accurate set-ups used for the generation of well-defined fields to simulate free-
space conditions for use in probe calibration are waveguides. The reasons are as follows:

e waveguide set-ups require moderate power and less space than far-field calibration set-
ups;
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e generation of the most accurate fields traceable to power readings is possible;

e the uncertainty produced by the field disturbance due to the probe insertion is negligible
for small near-field probes when the waveguide dimensions are considerably larger than
probe dimensions;

e the set-ups allow easy access for orienting the probe axis normal or parallel to the field
polarization inside the set-up;

e in addition, cross validation of the general field strengths is possible by using a set of
waveguides with overlapping frequency ranges.

At lower frequencies (e.g. below 750 MHz), TEM cells can be employed instead. However, the
field inside a TEM cell is less well-defined, i.e. there is rather large deviation from the

predicted-homogeneous fietddistribution {161
The prq ell and
positionf geneous
over th hponent
parallel
As long is small
compars quency.
This giV ble field
perturba if high-
quality source
in the W sult in a
standing -quality
wavegu ¢ for by
performjng supplementary measuremgent ith of two
readings.
B.3.2.3
B.3.2.3.
The sensitivity in lig ' By generating locally-known field values inside the
media. ] 3
a) tran
b) calibrati
B.3.2.3.
In lossy AR is related both to the electric field (E) and the rate of temperafure rise
(d7/dz) intke liquid having specific heat capacity c¢,. Hence, based on the relation
2
SAR :o-E—:chd—T (B.4)
P d o

the electric field in lossy liquid can be measured indirectly by measuring the rate of
temperature rise in the liquid. Non-perturbing temperature probes (optical probes or
thermistor probes with resistive lines) with small sensors (< 2 mm) and fast response time
(< 1 s) are available and can be easily calibrated with high precision [84]. The set-up and the
exciting source have no influence on the calibration; only the relative positioning uncertainties
of the temperature probe and the E-field probe to be calibrated shall be considered. However,
several problems limit the available accuracy of probe calibrations with temperature probes.

e The rate of temperature rise is not directly measurable but shall be evaluated from
temperature measurements performed over a short time duration. Special precaution is
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necessary to avoid measurement uncertainties caused by temperature gradients due to
energy equalizing effects or convection currents in the liquid. Such effects cannot be
completely avoided. With a careful set-up these uncertainties can be kept small.

The measured volume around the temperature probe is not well defined. It is difficult to
calculate the energy transfer into the probe from a surrounding gradient temperature field
into the probe (typically, temperature probes are calibrated in liquid with homogeneous
temperatures). There is no traceable standard for temperature increase measurements.

The calibration depends on the assessment of the mass density, the specific heat capacity
and the electrical conductivity of the medium. While mass density and specific heat
capacity can be measured accurately with standardized procedures (~ + 2 % for cj; much
better for p), there is no standard for the measurement of the electrical conductivity.
Deps

herefore
he non-
5.) shall

Suff{cient temperature rise is required to produce measurable tempera
caliration is often performed at a higher power level than the EAli
linegrities in the system (e.g. power measurements, different fié
be compensated.

Considgring these problems, the calibration accuracy of E-fie perafure rise
techniqyie in a carefully designed set-up is about + 10 ¢ brtainty)
[104]. A i inati i es was
presente % when
the sani 7 % to
+9% . When
perform chnique,
the pars

Tabl

ation using temperature probes

Source of uncertaint Unce }thy Divisor ¢ Standard i OF Vg

val distribution uncertainty
Positionipg of E-fie >a < < R \3 1 ;
Positionipg of tempera/t\ e prebe J\\/ R V3 1 0
E-field pfobe Iinearit< \ / R V3 1 ©
Temperature pg{t)edr\h\an\xna% \ R V3 1 ©
Tempera W’B{{e quemy \ R V3 1 ©
Liquid condugtivi > R V3 1 ©
Specific heat OM R V3 1 ©
Liquid dgnsity R V3 1 ©
Temperature probe accuracy R N3 T 0
Combined standard uncertainty RSS

NOTE

¢, is the sensitivity coefficient.

The component tolerances of Table B.1 shall be determined as follows.

a)

b)

The positioning tolerances of the temperature and E-field probes are evaluated according
to 7.2.3.1 using the actual penetration depth determined from the tissue dielectric
parameters measured at the calibration frequency. Since small SAR variations at the peak
are expected for directions parallel to the phantom surface, the procedures of 7.2.3.1 are
applicable when both temperature and E-field probe movements may be limited to
transverse directions only, with no movement required in the surface-normal or z-direction.

Linearity uncertainty of the field probe is assessed according to 7.2.2.3 and for calibration
shall not exceed 0,1 dB at the calibration field strength.
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c) Temperature probe drifts and noise are assessed by temperature measurements at 1s
intervals for 1 h, with an integration time of less than 0,5s in a constant temperature
condition. The temperature tolerance is computed as 100 x [(Tax — Tmin)/ATminl, Where
ATin is the minimum temperature rise for the different power levels used for the
calibration.

d) The temperature probe linearity tolerance should be determined using the following
procedures. The accuracy and linearity of the temperature probe readings are compared
against a traceable temperature reference at 10 temperature steps in a range larger than
or equal to that used during the calibration. The tolerance is computed as

100 x [(Tmax = Tmin)ATminl, where AT, is the larger of the minimum temperature rise for

the different power levels used for the calibration and the tolerance for the temperature

reference.

e) Liquid conductivity measurement tolerance during temperature calibfationNs detprmined
using the same procedures as in 7.2.6.3.

f) The| specific heat tolerance of tissue-equivalent liquids s g using
calofimeter procedures ([72], [100]).

g) Liqui acco -\ to S$ of the
volu J ethods for| volume
and

h) The i 3, Which is determined
from i i 3 readout
elec ation of
5°C

B.3.2.3.

In this - i i i€ ield>can be calculated analytically from

measure i \iny This corresponda to the

standard field method fo 5 ibra i irnhowever, there is no standard defined for
fields in[lossy liquids.

When using ca shall be

considefed in the

. y. This

ntities:

. of the

. can be

distribution in the set-up shall be carefully checked for confornmity with
the qheoretical field distribution.

Waveguides can be utilized to generate an analytically known field inside tissue-equivalent
liquids, e.g. the set-up presented in [132]. In this set-up (see Figure B.1), the upper part of a
vertically-oriented open-ended waveguide is filled with liquid. A dielectric slab at a distance
> A (4 refers to the wavelength in the air section of the waveguide) from the feeding coupler
provides an impedance match (> 10 dB return loss) between air and liquid. The symmetry of
the construction and high losses in the liquid ensure that the field distribution inside the
tissue-equivalent liquid follows the TE,, waveguide mode pattern, although higher-order
modes theoretically may exist. In [131] the absence of higher modes was carefully validated
by measuring the electric field distribution in the volume of the liquid, and this was found to be
within £ 2 % of the theoretical TE;, mode pattern.
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/ »
w
R
Lossy z
liquid -t
Y T
/_ al s
W
|/
Spacer 4|
ri| |~

b

a

-

c
Key

' 1E
X,V,Z Axes of cartesian coordinate system 6
36 liquid depth (> 3 times the penetratiomdept
Vaveguide cross-section width
[Vaveguide cross-section height
Ilncident power %
. Reflected power

p for assessment of the sensitivity

NS .

Inside t almost like a TEM wave, because of the low cut-off
frequen es the penetration depth) was chosen so that the
reflectig of the liquid are negligible. Formula (B.5) shows the

relationghi ; \R at, the cross-sectional centre (x = y = 0) of the lossy wajveguide
and the itydi i from the dielectric separator:

SAR(Z):MG—&M (B.5)
pabd

ab  is the cross-sectional area of the waveguide;

P; is the forward power inside the lossless section of the waveguide;
P, is the reflected power inside the lossless section of the waveguide;
z is the distance from the dielectric slab;

P is the liquid density;
o is the penetration depth inside the lossy liquid.

NOTE For the purposes of this standard, the density p is assumed to be 1 000 kg/m?3.

The penetration depth 6, which is the reciprocal of the waveguide-mode attenuation
coefficient a, is determined from a scan along the z-axis and compared with the theoretical
value determined from Formula (B.6) using the measured dielectric properties of the lossy
liquid.
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—1
s=a =5R{\/(7r/a)2 +J'wﬂ0(0+fa’505'r)} (B.6)

Table B.2 provides design guidelines for calibration waveguides with a return loss of at least
10 dB at the most important frequencies used for personal wireless communications. Values
for the penetration depth for these specific fixtures and tissue-equivalent dielectric parameters
are also listed in Table B.2.

This technique provides excellent accuracy, with a combined standard uncertainty of
<+3,6% dependlng on the frequency and medla The calibration |tself is reduced to power
measurpmenis-traceable-to-a-standard-calibration-proceduy R er-given by
the wayv evere in

the con mobile
communications systems are covered within this range. For freg b0 MHz,
transfer| calibration with temperature probes remains the most ¥ i Achieve
calibration with the lowest uncertainties. When performing ¢ ' ) of the
calibration with analytical fields, at least the parameters_i hall be
considefed.
When p bast the
parame

Head tissue simulant enetration Dielectric separator

Frequgncy ( depth
MHg , a ) ) , Thi¢kness
ér e mm

m N mm

304 45 N\ 0,87~ |\ lags2 ) 45,78 55 1ps,0
45( 44 k /\\87\ \4>57,2 42,94 6,0 66,1
835 to[900 Qa2 ] CogRt 547,6 36,16 56 48

1450 4 1\9\0/\ 129,5 28,55 47 148
12888 to &1& W 109,2 24,15 4,8 9,4

2 45 \Q\ \ },80 109,2 18,59 57 2,6

0
0
3 oo( \ Ngg! 2,40 86,4 13,07 5.7 0,3
0
0
o

350 \3§,Q 2,92 58,2 11,42 4,9 76

5 40 \@Q 4,86 47,5 6,69 56 $,73

6 00 35,1 5,48 40,4 5,89 5,4 9,25

Permittivity and thickness of the dielectric separator may vary from the values shown to accommodate
commercially available materials. If the dielectric separator permittivity varies from the indicated value by more
than 2 %, it is recommended to newly optimize the spacer thickness for the best matching (return loss typically
greater than 10 dB).

NOTE 1 By convention, the length of the cross-section short edge is one half that of the long edge, i.e. b = a/2.
NOTE 2 The waveguide dimensions are in accordance with the EIA RS-261-B: 1979 [36].

NOTE 3 These dimensions are also dependent on the frequency bandwidths of interest.
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Table B.3 — Uncertainty analysis of the probe calibration in waveguide

a b c u; = (alb) x (c)
Uncertainty component Uncertainty :.rob.:.bll_lty Divisor ¢ Standa.rd v,
Lo istribution uncertainty
+ %
Incident or forward power R V3 1 0
Reflected power R V3 1 ©
Liquid conductivity R V3 1 o
measurement
Liquid permittivity = /
measurgment " v ' ( *
Ui - -~ N
Liquid cpnductivity deviation R V3 1 O\ ®©
Liquid pgrmittivity deviation R V3 { \ ®©
Frequency deviation R V3 1 0
Field homogeneity R \/}/\ W \ o
Field-prebe positioning R %\ \1\ > 0
Field-probe linearity R V3 1 ©
Combingd standard RSS \)
uncertajnty (\ /\ \
X U
NOTE [olumn headings a, b, c are for refe&ce. « < \ )\/
B.3.3 One step calibration proce re%
B.3.3.1 General
The progedure of B.3.2 a one-step procedure using reference antennas.
The totgl field s Formula (B.2).
Referen énnag’designed for operating within the appropriate tissue
equivale 1 S antennas developed at 900 MHz and 1 800 MHz haye been
described in [ s ast two identical antennas are necessary to evaluate thg gain of
the mai
The mdth i =3 ang B.3.4 assess the isotropy with respect to probe rotatjon and
polarizati insident field. The method in Clause B.4 additionally considers the pngle of
incidend
Typlcal artennas—usedthere—inctude O;IIIp:C cirective patuh antenas—with—a Ua;ll of5 dBi or

better (see Figure B.2). As side lobes caused by multiple reflections at the tank wall may
interfere with the calibration, it shall be verified that these are sufficiently attenuated by the

tissue s

imulant before they reach the probe tip.
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NETWORK
ANALYSER

Tissue -
equivalent — | * 4
liquid = = >
/ d [~
I'«;eference
antennas
Figure B.2 — lllustration of the antenna gain e
a) The|reference antenna gain evaluation is performed ac€ord gwing profocol.
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Table B.4 — Uncertainty template for evaluation of reference antenna gain

Source of Uncertainty Probability Divisor c; Standard V; OF Vo
uncertainty value distribution uncertainty,
+ % “
+ %
Incident
power R V3 1 ©
Reflection
coefficients R V3 1 0
Distance R V3 1 ©
Liquid
conductivity R . ! ( «
. N
Liquid
permitti\ity R V3 1 /\& Q @
Combinged
standarfd RSS
uncertajnty
b) The e probe.
1) be at a
M
2) ( e antenna. The theoretical
g by Formula (B.9):
1
2
(B.9)
V
q
" is the~vantenna gain;
Py is—the-mputpower;
r is the reflection coefficient of the antenna.

It is recommended to connect a bi-directional coupler to control the input power. Tune
the input power so that Ey, ~ 30 V/m.

Position the probe in the liquid so that the centre of the detectors is at a distance d
from the antenna.

Orient the probe in order to align the direction of the sensor with the polarization of the
reference antenna.

Measure the voltage V,_ .5 at the transmitting antenna port.

The sensitivity coefficient K for this antenna is K1 =V{_eas /Etzh.

Repeat Steps 4) to 6) for the other two sensors to evaluate K, and Kj.

Using the sensitivity coefficients of the probe, SAR is determined by Formula (B.10):
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where p

SAR :i( V1_meas n Vo _meas N V3 _meas j
P K1 K2 K3

is the density (1 000 kg/m3).

(B.10)

When performing an uncertainty analysis of the calibration with reference antennas, at least
the parameters included in Table B.5 shall be considered.

Table B.5 — Uncertainty template for calibration using reference antenna

Source of Uncertainty Probability Divisor C. Standard Y. OF Vo
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Then the procedure to determine the reference antenna gain G in B.3.3.1 a) is modified as

follows.

a) Position the antennas in the liquid such that their main-beam axes are aligned and at a
well-defined distance d, and /,;4,iq is the wavelength in the liquid. The antennas shall be at
least 10 cm from any walls of the liquid container.

b) Mea

sure the reflection coefficients p4 and p, at the input ports of each antenna.

c) Measure the transmission coefficient S,4(d) between the two antennas at the same ports

and
d) The

the same distance by changing d.
near-field gain G, 4,,(d) can be expressed in Formula (B.11):

Gnear(d) =

[S21() ezp(“d )'(zﬁ:’ ) G exp(ﬂ+“_g+...)
Ja=lo)-(1=|pa?) d

(B.11)
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where
d is the distance from the antenna;
So4(d)  is the transmission coefficient between the two antennas;

P, is the input power;
P1 is the reflection coefficient of the antenna 1;
P2 is the reflection coefficient of the antenna 2;
a is given by Formula (B.6);
ﬂ is 2n/1||qu|d,
G is the antenna gain in dB representation given in Formula (B.12):
GneardB(d):GdB 1+ L +; (B.12)
Axd  Bxd?
whefe
d is the distance from the antenna;
Ggyg| is the antenna gain.
The corf hoice of
proper q and gin
the liqui
Then, E
(B.13)
where
a
d
&r
Grear(d)
Pin
I
B.3.4

Figure B.3 shows a coaxial calorimeter system for calibrating SAR probes by the temperature
rise method at frequencies below 450 MHz, from Loader et al [98]. It consists of a coaxial line
with air dielectric, having an outer shield diameter 2,3 times the inner conductor diameter,
which gives 50 Q characteristic impedance. Towards the short-circuit end of the line the inner
conductor is replaced with a plastic pipe containing the phantom liquid, which is in direct
contact with the metal end of the centre conductor and also the shorting plate at the top of the
system. The probe is inserted through an aperture in the centre of the shorting plate. The
diameter of the liquid in the pipe shall be the same as that of the metal inner conductor, and
this shall be sufficiently large to prevent probe proximity errors being significant. Power
applied to the input port results in an axially polarized field in the liquid with a fairly uniform
distribution below 150 MHz.
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/-ﬁ( Probe insertion hole
Short-circuit

—Plastic pipe filled with liquid
b
K A
Inner conductor formed of a hollow metal
cylinder closed at the top
\ — \—Metal shield

N-type to EIA 6 %" diameter coaxial adagtor

The SA i ic fi i ' [ eference point for
approxmnately 1 W mput power. A temperature probe is the rate of
tempers s < uracy, it
is impo ity of the
liquids ratio of
the pow shall be
measure¢d using a directional power sensqr, ordi upfer and power sensor, glthough

the absolute power is not required. Ca
the SAR probe sensors with the
Formulg (B.14):

paring the linear output voltages from
e liquid that is calculated using

(B.14)
where
Ezprobe d at the probe sensors;
Yol phantom liquid;
o
h
Peensor is the~power used in the SAR probe measurement;
Piempergtire4S the power used in the temperature measurement;
d7/d¢ is the rate of increase in temperature in the liquid.

This system provides accurate calibrations over the frequency range 30 MHz to 450 MHz, with
a standard uncertainty of around = 5 %. When performing the calibration using this method, at
least the parameters included in Table B.6 shall be considered.
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Table B.6 — Uncertainty components for probe calibration using thermal methods

a

b

c u; = (alb) x (c)
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%
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B.4.2

B.4.2.1

General

o

@ wave with incident polarization normal to the probe aiis. The
otating the probe along its major axis from 0° to 360 with a

The probe shall be exposed to a reference wave with varying angles of incidence with respect
to the plane normal to the probe axis. Assessment of the spherical isotropy shall be done at a
location where the SAR gradients are less than 3 % per millimetre. The hemispherical isotropy
shall be determined by either tilting the probe or changing the polarization of the reference
wave. The angles of incidence shall vary from 90° (axial) to 0° (normal) with a step size less
than or equal to 30°. For each incidence angle, the probe shall be rotated through a range of
360° and a step size less than or equal to 15°.

The following four methods can be used for hemispherical isotropy, each producing similar

results:

a) flat phantom with dipole at side;

b) flat phantom with dipole beneath;

c) spherical phantom with dipole;
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d) reference antenna method (see B.4.2.5).
B.4.2.2 Isotropy with flat phantom and dipole at side

The set-up consists of a thin wall plastic box filled with tissue-equivalent liquid exposed to a
half-wave resonant dipole operating at the test frequency. The following protocol shall be
used for evaluating the spherical isotropy of the probe.

e Mount the dipole antenna horizontally on a mounting device and position it parallel to the
flat phantom (see Figure B.4). The antenna shall be positioned at a maximum distance of
e = /10 from the adjacent wall of the liquid container.

posi

e Thelhorizontal position of the probe shall be, whenever possible, a
standing wave near the back side of the box, at a distance ¢
intenface, where the E-field is partially homogeneous and the H-fjeld\ is

of the

e The|dipole shall be rotated around the axis of its mounting to 180°
with|incremental steps of less than or equal to 30°.

e At each step the probe is rotated about its axis from 0° ¢ \ itigner and
mea

e The|deviation from spherical isotropy is then expre 3 ntlent with
a rectangular probability distribution limited gy \ p ails can

be found in [133].

equivatent
N

Q > ) e === gy Active dipole

IEC

Key

¢ Distance from probe to backwall

e Maximum distance from the front wall of the liquid container

NOTE The assessment is preferably performed in the location ¢ of minor field gradients resulting from the
standing wave. The dimension ¢ is the distance between the dipole feed-point and the interface of the front wall
and the liquid.

Figure B.4 — Set-up to assess spherical
isotropy deviation in tissue-equivalent liquid

B.4.2.3 Isotropy with flat phantom and dipole beneath

An alternative set-up for isotropy evaluation is shown in Figure B.5. A half-wave dipole
mounted on a holder is positioned with arms parallel to and below a flat phantom containing
tissue-equivalent liquid. A probe is positioned at a point directly above the dipole feed-point.
All probe rotations are performed and controlled by a high-accuracy positioner. The rotation of
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the probe about its axis (¢ rotation from 0° to 360°), along with dipole rotation (& rotation from
0° to 180°) and change of probe inclination angle ¢ (from 0° to 75°), produces a 3D evaluation
of a significant portion of the hemispherical receiving pattern.

¢

— Probe
Tissue
equivalent 39
liquid N

Key

9 Probe|axis tilt angle

0 Rotatipn angle of the axis of the dipole mour

¢ Probelaxis rotation angle of the probe

B.4.2.4 Isotropy with

The hemispherical isqtropy an be assessed using a set-up comprised of a
mixture{filled sphérical ‘ oned at
the gedmetrical eep several
differen ided by
the extd tilt and
simultarn

The me is filled
with tis at the
volumetric & - b dipole
tuned tq the desired operating frequency. The dipole axis is aligned with the tangent plane of

the surface of/'the Sphere above the dipole feed-point.

NOTE Smaller flasks may be preferred because increased mixture conductivity or operating frequency implies a
higher path-loss for the wave transmitted to the probe. Larger flasks feature a locally flatter surface (longer
curvature radius), which produces a locally flatter wave front impinging on the probe tip and relaxes the tolerance
on the position of the dipole.

Figure B.7 [38] shows the conventions used to describe the antenna position and polarization.
A 3D measurement of the probe receive pattern over a hemisphere is accomplished by
rotating the probe by 360° around its axis (¢) while positioning the external dipole at angles
0° < £<360°. Every desired polarization of the impinging wave is achieved by rotating the
dipole around its axis 0° < 8 < 180°. Multiple 6 -positions are not needed when £ =0°. While a
large number of measurement points is possible with this set-up, usually steps of 30° in & and
15° in @ are sufficient for characterization.
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¢ Elevalion angle to dipole axis
0 Dipolqg rotation angle

¢ Probe|axis rotation angle

Fjgure B.6 — Experimental set-upxfor theNhemispherical isotropy assessment

NS

ernal dipol

Horizontal
reference line
¢ IEC
Key
& Elevali
6 Dipoldg rotation angl

NOTE § ts—the allgic betweerthe plu'uc axts—and-the—axisof-the dipuic hrotder—6-s—the allgic betweerthe probe
axis and the dipole axis.

Figure B.7 — Conventions for dipole position (£) and polarization (8)

The measurements consist of complete 360° rotations of the probe for each dipole position
and polarization (&,6). The power radiated during each rotation shall be monitored and
recorded for every ¢-position of the probe, and the SAR samples shall be normalized to a
nominal value. Although it cannot be a priori excluded, there is no particular reason why any
positions and polarizations of the external dipole other than what is considered here would
produce significantly worse isotropic performance. However, the matrix of tests can be
expanded to include any particular case of interest, e.g. polarization conditions that match the
sensor orientation in some probes.

As with the flat-phantom isotropy test, a rectangular uncertainty distribution is assumed.
However, the uncertainty can be substantially reduced when probe calibration is performed
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under a specific polarization and direction of the impinging wave and the same conditions are
maintained during SAR measurements.

B.4.2.5 Isotropy with reference antennas

The following protocol shall be used for evaluating the isotropy of the probe using the
reference antenna set-up in Figure B.8.

a) Position one antenna in the tissue-equivalent liquid. The antenna shall be at a minimum
distance of 10 cm from the walls of the liquid container and have dimensions such that it
can be placed in the position indicated in Figure B.8.

b) Position the probe in the liquid so that the geometric centre of the sensors is at a distance
d from the antennar 4 > 2D%/4quq - Where D Is The Targest dimensjon the -réference

antgnna, and A;i4,iq is the wavelength in the liquid. It is recomme thexSAR value
is set to between 0,5 W/kg and 1 W/kg at this position.

c) Orignt the probe axis so that its main axis is orthogonal to<the\ di i agation
from| the antenna (see Figure B.8).

d) Rotate the probe along its main axis from 0° to 360° w, equal to
15°.|Record the SAR values. The axial isotropy is e nponent
with

e) Vary gnna or the probe axis
(se€] '

f) For ith a step
size

g) The angular
prob

. Tissue

d equivalent
liquid

>15cm x 15 cm

>10cm >10 cm
- - r
IEC
Key
[ Probe axis rotation angle
P Probe axis tilt angle
2
d > 2D /ﬂnquid
D Largest dimension of the reference antenna
ﬂliquid Wavelength in the liquid

Figure B.8 — Measurement of hemispherical isotropy with reference antenna
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B.5 Lower detection limit

The lower detection limit is the minimum SAR measurable within the overall
uncertainty. It is related to the noise level and offset of the measurement system and
assessed by varying the output power in the same set-up as described in 7.2.2.3

system
can be
(i.e. by

verifying that the probe is still responding linearly at the required lower detection SAR level).
In actual operational conditions of the measurement system, the ambient electromagnetic
environment may impair the detection limit. Therefore, verification of the lower detection limit
by using the flat-phantom set-up described in Annex H, or a calibration waveguide, is

recommended. The required lower detection limit is 10 mW/kg.

In the cl]osest vicinity to the inner surface of a phantom shell, probe es from
that which is established under typical calibration conditions. Bounda luated
with thg liquid-filled open waveguide set-ups used for probe gali spatial-
averaggd SAR is measured using all system components and com sati ines. The
uncertainty due to boundary effects is the deviation from b i the purface,
which i$ estimated by extrapolating the trend of measured sa S b of the
liquid and the dielectric slab. This measurement shal 5 frequengy band
and for each averaging volume. For frequencj z, where calibration
waveguldes may not be available due to the relati i afh experimental set-up
comprised of a half-wave dipole bepeath be used. In this case,
extrapolation to the surface is not based ical”behaviour of guid¢d-wave

modes, [but on an extrapolation of meas
the devjation between the measured $4 oe value in the liquid. W
probe is oriented normal to the phant he boundary effect can lar
compenjsated for as described in [132]. nty of the boundary effect s
evaluated according to 7.

e_boundary effect error is defined as

hen the
gely be
thall be

B.7 Responsi ti

Field-prpbe signalMesp
step res i
time red

E-field

value p e probe
shall re 5sessed
respon gligible probe signal response time uncertainty. Under these
measurq C uncertainty value of zero may be entered in Table 11, Table 12
and Table i ise/'the SAR uncertainty due to signal response-time uncertainty shall
be ass i signal characteristics of the test device. In this case, the signal step-
response dime uncerfainty is equal to the percent difference of the SAR measured with the
chosen measurement time from the SAR measured with a measurement time of at legst three

times the assessed response time. A rectangular probability distribution shall be assumed.
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Annex C
(normative)

Post-processing techniques

C.1 Extrapolation and interpolation schemes

C.11 Introductory remarks

The local SAR inside the phantom shall be measured using small dipole sensing elements
enclosed in_a probe cover/case. Probe calibration (involving E-field megsurement) may be
carried put with respect to the geometric centre of the internal dipole set, in ich (tlse the
fact tha{ the dipoles are a few millimetres from the physical tip of the P taken into
account/when defining the measurement positions. In order to mini undaly effect
uncertainties, the probe tip shall not be in contact with the phantoR pgh the
highest|local SAR values usually occur at the surface of the 2 . pf these
highest|local SAR values is essential to determine the peak spatial~s ) d shall,
thereforg, ] i \ hnge of
distance iaI -average SAR

requireg volume
and the ed data
shall be ution to
accurate S ertainty
resulting from these interpolation, exfrapolatiq iCal procedures (intggration,
averagi \ ity of measurement points is
determi

C.1.2

Interpolati € ing i matical techniques such as statistjcs [41],
basis fU > is 140] and wavelet [42] or polynomial dr spline
curve fifs [146]. extbooks e.g. [135], describe how to implement
some of

C.1.3

Extrapo hials, or
rational plement
some of istance
betweer ertainty
associa

C.2

C.21 Volume average schemes

The cubical volumes evaluated to average the local SAR values measurements after
extrapolation and interpolation shall extend to the phantom surface in order to include the
highest values of local SAR. In post-processing, the averaging cube shall be coincident with
one of its faces parallel to the phantom surface.

Cc.2.2 Extrude method of averaging

The method of averaging is intrinsically simple since the cube essentially conforms to the
measurement grid, or at least conforms to the extrapolated and interpolated data grid. The
peak spatial-average SAR is found by moving the averaging cube over a selected region,
e.g. a region with a local SAR above some criterion. Figure C.1 illustrates the extrude method
of averaging. The scanning of the volume may be done parallel to the surface of the phantom
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provided that the four side faces are parallel to the line normal to the phantom at the centre of
the cube face next to the phantom surface. This ensures that the extruded volume is close to
a cubical shape, and conformal to the surface.

IEC

Figure C.1 — Extrude method of averaging
Cc.2.3
The pe ani so\the peak|spatial-
averageg SAR shall occur in a cubical tissue volume at the surfaceof tom. It therefore
follows fthat the zoom scan volume shall be centred P ermined
from an[ area near the surface of the phantom. The e shall extend in all
directio > rmining
peak s ithims shall ’be used to determine the
highest i rpolated
and ext 9 sion of the averaging [scheme
and ma ods of 7.2.10 because that pot only
serves as a benchmark for the interpo|ati < tion but also for the averaging and
maximu
C.3 § ation
C.31
The fol nd data
evaluati n; other
implemd
C.3.2
For harldsets>eperating above 300 MHz evaluated with the homogeneous head model, the
SAR didtribdtion | gasured on a two-dimensional coarse grid at a fixed separation distance
from the Surface of the phantom shell as defined in Table 1. The scan region shall gover all
areas etmnmamd—twﬁ—pmﬂm—ﬁm—hma—m—mm—nmw—ﬁmdﬂistance

from the surface to within £ 1 mm, as required by the measurement protocol, the exact shape
and dimensions of the phantom inner surface shall be known, pre-calibrated, or preferably
detected during the SAR measurement with a mechanical or optical surface-detection
mechanism that meets the probe positioning requirements. This evaluation technique
determines the maximum spacing between the grid points as given in Table 1 to achieve the
required precision if two staggered one-dimensional cubic splines [135] are used to locate the
maximum SAR location [138].

C.3.3 Zoom scan

The peak spatial-averge SAR is evaluated on an interpolated grid at 1 mm resolution after the
zoom scan. The zoom-scan volume is positioned at the peak SAR location(s) from the area
scan and measured according to the requirements of Table 2. Scan resolutions parallel to the
surface, and those normal to the surface of the phantom shall be carefully chosen per Table 2
to achieve the required extrapolation accuracy.
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C.34 Extrapolation

Because the actual measurement location of the field probe corresponds to the geometrical
centre of the dipole sensors, which is displaced from the tip of the probe, the SAR values
between the surface of the phantom and the closest measurable points required for computing
the 1 g or 10 g peak spatial-average SAR shall be determined by extrapolation. While a basic
exponential fit may not be suitable for extrapolating many of the typical SAR distributions that
occur in handset evaluations, a fourth-order least-square polynomial fit of the measured data
usually provides satisfactory results. The triangular points shown in Figure C.2 represent the
SAR values extrapolated at 1 mm steps for points next to the phantom surface that cannot be
measured.

1,0 4

0,8

0,6

SAR (Wikg)

0,4

K 3 5 he inner surface of the phanto
base o as are ajdl fit of the measured data (squares)

C.3.5 Interpolatio

The mepsured a@ 8 S yes within the zoom-scan volume are interpglated to
a 1 mm|grid for usg i f g or 10 g peak spatial-average SAR for example, by
using th '

C.3.6

One wa ' e.the SAR over a 1 g or 10 g cube is by the basic trapezoidal algorithm.
The mdgxi atial-average SAR is determined by search algorithms that apply
numerigal i ation Yo all possible 1 g or 10 g cubes within the zoom-scan volunfe or by
applying pléx procedures. If the highest 1 g or 10 g cube is touching the boupdary of

a zoomisean volume, the entire zoom scan shall be repeated with the new centre logated at
the maximum peak spatial-average SAR location indicated by the preceding zoom scan
measurement.
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Annex D
(normative)

SAR measurement system verification

D.1 Overview

This annex provides procedures for the following two levels of SAR measurement system
verification:

a) system check;

b) system validation.

The objectives and applications of these different levels of verifj are as
follows.

The sydtem check provides a fast and reliable test method inely to
verify SJAR system measurement accuracy. The objectiv he SAR

system pnd tissue-equivalent media are acceptable fo
a handse

System
the SAR
validatid
before
modificd
adding

Since 4
measurs
position

NOTE Ir]
handset g
phantom
tests can
laboratori

D.2 %)

D.2.1

The pur

t. This test requires a flat phantom and a radi

f\a flat phantom and 4
parison (Annex E), and evsg

ectronics or

g frequelcies of
f-wave dipole.

tions of
system

n source (see Annex G). This test i 3 (e.g. after probe calipration),
measurements related to
tions have been made to the
lifferent readout el

ry time

S, new probes or software changes,

check and system validation do not pddress

. The measurements address both data scattering due tg
hich are not included in system check and system valid.

device

reference
the SAM
tion. The

o sestablish the expected measurement accuracy and uncertainty acrosp various

ose of the deh:\m check is to \Inl"if\ll that the defnm npnrqfne within its Qpnr‘i

ications

at the device test frequencies. System check verifies the measurement repeatability of a SAR
system before compliance testing and is not a validation of all system specifications. The
latter is not required for testing a device but is mandatory before the system is deployed. The
system check detects possible short-term drift and unacceptable measurement errors or
uncertainties in the system, such as:

a) incorrect liquid parameters (e.g. due to inaccurate dielectric measurement);

b) test system component failures;

c) test system component drift;

d) operator errors in measurement set-up and measurement parameter settings;

e) other possible adverse conditions that may introduce measurement errors, e.g. RF
interference.
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The system check is a complete 1 g or 10 g peak spatial-average SAR measurement in a
simplified set-up with a system check source (see D.2.3). The instrumentation and procedures
in the system check shall be the same as those used for the compliance tests. The system
check shall be performed using the same liquid and probe calibration frequency point as in
the compliance tests and within the valid frequency range of the probe calibration, tissue-
equivalent dielectric parameters and dipole return loss required for the SAR measurements.
The frequencies at which system check is performed shall be within 10 % of the mid-band
frequencies of the test device when below 1 000 MHz or within 100 MHz of the mid-band
frequencies of the test device when above 1 000 MHz. The environmental requirements for
system check tests are specified in 5.1.

The system check shall be performed prior to compliance tests or within 24 h before the SAR

H 2l +lo SAD 4 4 o + o o £ 1l —COAD 1 H
evaluatioprandonthe—sameSARmeasturement Systemtatr s usSeaTormeEoAR evatgation of

the handset. The system check target SAR values may deviate fro ical target
values jn Table D.1 and Table D.2 due to design variations, m i ¢lectrical
uncertainties of the system check source, particularly at higher fréquenrcies\a exp %ined in
Table 0.1. Therefore, system check target values shall be detexmineck for ividual
system |check source by numerical and experimental validafions: g peak

imen alidated
C tissue

for this|Standard using the system check test set-up i
paramefers in Table A.3.

D.2.2 Phantom set-up

A flat phantom shall be used with thg ti i i system
validation. The specifications for the flat

For dipole sources the feed-point shal be ad 'k 8 , e dipole
arms shall be aligned with i the phantom (see Clause G.1 fgr dipole
specifications). The relati¢e p itti 3 shell material shall be betwegn 2 and

5; however, \ S 3 below 3 GHz. The thickness of [the flat
phantom bottom section™shz X. riekness shall be uniform within a tolefance of
+ 0,2 mm. The logs.tang ' m skell material shall be less than or equaljto 0,05.
The material sha 3 reaction with tissue-equivalent liquid chgmicals.
When fllled wit iquid interface and inner surface of the phantom
directly shall be less than 1 % of the free-space wayelength
in the f to 6 000 MHz, and less than 0,5 % of the free-space

waveler i 800 MHz. To minimize reflections from the upper surface of
the tissy i \ i depth of the liquid shall be at least 15 cm. Liquid depth of less
than 15 can be d iKit is"demonstrated (e.g. using numerical simulations) that tHe effect
on pea SAR is less than 1 % of the measured SAR under wofst-case

conditions. it oke than 1 % but less than 3 %, the worst-case value shall be addgd to the
uncertainty pudge

D.2.3 Systermrchecksource

The phantom shall be irradiated using a radiating source for the required frequency (e.g. a
half-wave dipole, patch antenna, or waveguide). The sources used for system validation (see
Annex G) are typically, but not necessarily, used for the system check. System check source
shall have good positioning repeatability, mechanical stability, and impedance matching. In
the following, a half-wave dipole is used as an example to illustrate system check source
positioning requirements. Similar instructions shall be applied for other sources.

A half-wave dipole shall be positioned below the bottom of the phantom and centred with its
axis parallel to the longest dimension of the phantom, within + 2°. The distance between the
inner surface of the liquid-filled phantom and the dipole feed-point, s, is specified in Table H.1
for each test frequency. A spacer with low loss (loss tangent < 0,05) and low dielectric
constant (relative permittivity < 5) shall be used to establish the correct distance between the
top surface of the dipole and the bottom surface of the phantom. Below 3 GHz, the spacer
shall not change the measured 1 g and 10 g peak spatial-average SAR by more than 1 %,
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compared to the no-spacer condition. Above 3 GHz, the spacer may affect the SAR target
value of a dipole and needs to be accounted for through additional experimental validation
(see first paragraph at the foot of Table D.1). The dipole shall have a return loss greater than
20 dB at the system check test frequency, which shall be measured annually during system
validation using a network analyser, to ensure SAR measurement uncertainty due to power
reflection remains low. To meet this requirement, it may be necessary to fine-tune dipoles
using low-loss dielectric or metal tuning elements at the ends of a dipole. The acceptable
uncertainty for the dipole and liquid separation distance, s, for the test set-up in Figure D.1
shall be within £ 0,2 mm.

D.2.4 System check source input power measurement

The ungertairty—o sovwrer-eety d-te oY aH-be-astow-aspessibk
the use|of a test set-up with directional couplers and power meters dur'g the
The reqommended set-up is shown in Figure D.1 (which uses a Kalf~wave
example of a system check source).

Tuning
element

Spacer

3D Probe posiigner

Signal
Generator

NOTE This
configurations;

es a_dipoje antenna as an example to illustrate system check source and megsurement
ameor equivalént set-up applies to other sources.

Figure D.1 — Test set-up for the system check

First the power meter PM1 (including attenuator Att1) is connected to the cable to measure
the forward power at the location of the connector (X) to the system check source. The signal
generator is adjusted for the desired forward power at the connector (taking into account the
attenuation of Att1) as read by power meter PM1 and also as coupled through Att2 to PM2.
After connecting the cable to the source and positioning it beneath the phantom, the signal
generator is readjusted to achieve the same reading recorded initially at power meter PM2. If
the signal generator does not allow adjustment in 0,01 dB steps, the remaining difference at
PM2 shall be taken into consideration (e.g. by scaling the measured SAR values versus the
power difference at PM2).

The matching of the system check source shall be checked using a network analyser
(e.g. during annual performance characterization intervals) to ensure that the reflected power
is at least 20 dB below the forward power. If a different source is used where a greater
mismatch is inherent to the design of the source (e.g. waveguide source described in
Clause G.2), a lower return loss is acceptable only if it has been fully characterized to be
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stable and the reflected power is taken into account to determine the net power transmitted by
the system check source for normalizing the measured peak spatial-average SAR. The
specified return loss shall be determined at the frequency at which the system check is
performed.

The component and instrumentation requirements are as follows.

a) The signal generator and amplifier outputs shall be stable to within 2 % (after warm-up).
The power supplied to the dipole shall produce a peak spatial-average SAR of at least
0,4 W/g. The 1 g or 10 g peak spatial-average SAR range is 0,4 W/kg to 10 W/kg. If the
signal generator can deliver 15 dBm or more, an amplifier is generally not necessary if it

is connected to the dipole with a low-loss cable. Some high power amplifiers shall not be
operated—at-alevelfar-belowtheirmaximum—odtputpower—e-g—a—100 A poweramplifier

operated at 250 mW output power can be too noisy. An attenuat b signal
gengrator and amplifier is recommended to protect the amplifier ingut.

b) The|low pass filter inserted after the amplifier reduces the eff noise
from the amplifier. For most amplifiers in normal opera is not
necessary.

c) The|attenuator after the amplifier improves the source y of the
powgr sensor (consult the power meter manual).

d) Thel|directional coupler (recommended —20 dB cgupli i hitor the
formard power for making adjustments to the : onstant
forward power at PM2. The coupler shall (L B at the
input and output ports. A dual difectiona ard and
reflgcted power shall be measured,.g.

e) The|power meter PM2 shall have ise, the
absolute accuracy has negligible i

f) The se shall
be qalibrated, pref y of the
powgr reading (some cOMms¢ br). The
exac¢t attenuation (of . r some
atte f oss the
freq

g) Afi d range
swite e same
pow

h) The hall be connected directly to the cable at location X. If the
powg ifferent connector type, high-quality adapters shall be used.

i) Theli ables, especially the cable that connects the directional coupler to
the antenna, be checked periodically to ensure the insertion loss is stablg across
frequencies. It should be considered that a cable that works well at one frequency
(e_g 900 MH7) will not pprfnrm pqui\/alpn’rly at a different frpqnpn(‘y (p g5 GH7) During

system check measurements, all cable movements shall be avoided as this may cause
changes to cable loss characteristics and introduce SAR errors.

D.2.5 System check procedure

System check is a complete 1 g and/or 10 g peak spatial-average SAR measurement. The
measured 1 g and/or 10 g peak spatial-average SAR is normalized to 1 W by the input power
of the system check source (forward power for dipoles and net power for waveguides) and
compared with the numerically and experimentally validated target 1 g and/or 10 g peak
spatial-average SAR value established for the system check source.

The system check target values shall not deviate by more than + 10 % from the numerical
target values in Table D.1 or D.2. If this cannot be maintained for the reasons described in
D.2.1 for higher frequency sources, the measured 1 g (or 10 g) peak spatial-average SAR
value shall not deviate from the validated target SAR value for the system check source
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(described in D.2.3) by more than the expanded uncertainty for reproducibility (Table 13), or
+ 5 %, whichever is less.

The measured 1 g (or 10 g) peak spatial-average SAR value shall not deviate by more than
+ 10 % from the numerical target values (Table D.1 or Table D.2). If this cannot be maintained
for the reasons described in D.2.1, the measured 1 g (or 10 g) peak spatial-average SAR
value shall not deviate from the validated target SAR value for the system check source
(described in D.2.3) by more than the expanded uncertainty for reproducibility (Table 13), or
+ 5 %, whichever is less. The validated target SAR value for the system check is evaluated at
least annually, as explained in Clause D.1.

D.3 System—validation
D.3.1 Purpose

The syjstem validation procedure tests the SAR system usi es and
wavegul|des defined for this Standard to verify the measureme \g: ance of
probe, readout electronics and system software. It is a valigation of theysystem Wi spect to
all performance specifications. This set-up utilizes a fla 3 X3 stem validation
source gefined in Annex G. Thus, this validation proces ta scattefing and
device positioning uncertainty due to the anthropo . System validation
shall bg performed at least annually, when a new ¢ i into~gperation, or whenever
modifications have been made to th ! tware updates, using different
readout|electronics or probes and afte wYvalidation shall be dpne with
a calibrated probe.

The objective of Clause D.3 is to pfovi ethodotogy for SAR measurement| system
validatign. Since SAR measurement equi ibration techniques, phantoms, and head
tissue-equivalent liquids ,» a validation methodology is ngeded to
ascertain that uniform achigved accprding to defined measurement procedures

and ungertainty requiren S exica alellated target SAR values for the|system
validation sources i listed in Table D.1 and Table D}2. The
environmental rm S dation tests are as specified in 5.1.

D.3.2

The flat is also
used fo 9 jdat ests. The system validation shall be performed using head
tissue-efguiva fquul

D.3.3

Two types/of system validation sources are defined: standard dipoles and a gtandard
wavegu de-soturce (buﬂl describedmAnmex G).

When dipoles are used, the phantom shall be irradiated using a standard dipole specified in
Clause G.1 for the required frequency. The dipole shall be positioned below the flat phantom
and centred with its axis parallel to the longest side of the phantom. A low loss and low
dielectric constant spacer should be used to establish the correct distance between the top
surface of the reference dipole and the bottom surface of the phantom. Below 3 GHz, the
spacer shall not change the measured 1 g and 10 g peak spatial-average SAR values by more
than 1 %, compared to the no-spacer condition. Above 3 GHz, the spacer may affect the
measured SAR and introduce deviations from the numerical target values in Table D.1;
therefore, experimentally validated SAR targets with specific spacers shall be used (see first
paragraph at the foot of Table D.1). The distance between the liquid surface and the
reference dipole centre (designated s in Figure D.1) shall be within + 0,2 mm of the required
distance for each test frequency. The reference dipole shall have a return loss greater than
20 dB (measured in the system validation measurement set-up conditions) at the test
frequency to reduce power reflection and SAR measurement uncertainty. To meet this
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requirement, it may be necessary to fine tune the standard dipoles by using low-loss dielectric
or metallic tuning elements at the end of the dipole.

For the standard dipoles described in Clause G.1, the separation distance s is given by:

s =15 mm £ 0,2 mm for 300 MHz < < 1 000 MHz;
s =10 mm £ 0,2 mm for 1 000 MHz < /< 6 000 MHz.

The dipole arms shall be parallel to the flat surface of the phantom within a tolerance of + 2°
or less (see Figure D.1). This can be assured by carefully positioning the standard dipole
horizontally against the liquid-filled phantom and comparing the separations at the ends of the
dipole.

The numerical target values in Table D.1 for frequencies above 50 ire |specific
considefations due to high sensitivity of those values to the co iIs\f small
dipoles.| The numerical target values in Table D.1 may deviate fron ipolp target
values Yalidated by the dipole manufacturer. The dielectric spé le shall
also be Imodelled as it can affect the numerically determined

Waveguide sources are suitable alternatives to dipole an gher_frequencies where
the dipple antenna target values may be sensitife to g uncertaintjes and
construgtion details. Example waveguide sources are (describe use G.2 for 5,2 GHz
and 5,8(GHz, and the numerical target SAR val \Le dedin Table D.2 for the|specific
measurément configurations. The wayeguide e is 1.-. with the matching|window
in direct contact with the phantom. The ne asured to correctly sgale the
SAR.

D.3.4

The inp Nthe system check (see D.2.4) is also used
for syst4

D.3.5

System & ’measurement accuracy of a complete SAR |system,
includin Test device positioning and head phantom| shape
uncerta during system validation. The system validation prpcedure
consists X ). Step a) is the most important part of the system validation
procedur ~ done”for each combination of the probe, readout electrorlics and
measurd and post-processing system version that is used to evaluate every time when
system i wred. Then the applicable selection(s) from Steps b) to f) shall be
performed. itional tests shall be done every time when system componerjts have
been modified (e.g wew software release, new readout electronics, new probe or calijrations).

Step f) |is\optional provided the equivalent information is included in the probe calibration
certificate and is readily available to the user, which the user should confirm. The system
validation procedure is as follows.

a) SAR evaluation: A complete 1 g and/or 10 g peak spatial-average SAR measurement is
performed. The input power of the system validation source is adjusted to produce a 1 g
and/or 10 g peak spatial-average SAR value within the range of 0,4 W/kg to 10 W/kg. The
1 g and/or 10 g peak spatial-average SAR is measured at the frequencies in Table D.1 or
Table D.2 within the range of parameters supported by the SAR system. For dipole
sources, the results are normalized to 1 W forward power and compared with the
numerical SAR values shown in Table D.1 (Columns 3 or 4). For waveguide sources the
results shall be normalized to 1 W net power, and compared to the normalized numerical
target SAR values in Table D.2. The differences between the measured values and the
numerical target values shall be less the expanded uncertainty for the system validation
using the procedures of Table 12 but not more than 10 %.

b) Extrapolation routine: Local SAR values are measured along a vertical axis directly
above the centre of the system validation source (i.e. dipole feed-point or centre line of
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waveguide) using the same test grid-point spacing as used for the zoom scan in handset
SAR evaluations. The measured values are extrapolated to the phantom surface and
compared to the appropriate numerical target value given in Table D.1 or Table D.2. If the
dipole source is used, this measurement is repeated along another vertical axis with a
2 cm transverse offset (y-direction of Figure D.1) from the standard dipole feed-point.
SAR values are extrapolated to the phantom surface and compared with the normalized
numerical values given in Column 6 of Table D.1.The difference between the extrapolated
values and the numerical target values given in Table D.1 (or values for the specific
source used) shall be less than the expanded uncertainty for the system validation using
the procedures of Table 12 or 15 %, whichever is less. Note that Step b) may be
performed at the same time as Step a) if an enlarged zoom scan is used in Step a) to
provide the extrapolated SAR values.

c) Pro
usin
are
10 W/kg, 2 W/kg, 0,4 W/kg and 0,12 W/kg. The measured SAR
1 W|forward power for dipole sources (or 1 W net power for
compared with the normalized values from Step a). The di
shal| be less than the expanded uncertainty for th
prog

d) Pro
after
pulse-
powe
8w
The
and
valug
prog

e) Probe linearity for

characteristics (e.9 ' ‘ i a) are
repelated with the s HIND - st may
be done at @
average pow age SAR
of a ation is
high em, the
inpu er than
8 W to 1 W
forw gnd duty
factq
thes 9 5ing the
proceduresaf Tab e 12 or 10 %, whichever is less.

f) Axial probe isotfopy: The geometric centre of the sensors of the probe is placed|directly
aboig the centre of the system validation source at a measurement distance of

approximately 1 probe tip diameter from the inner phantom surface. The probe is rotated
around its axis + 180° in steps no larger than 15°. The maximum and minimum SAR
readings are recorded. The difference between these values shall be less than the
expanded uncertainty for the axial isotropy component using the procedures of Table 12
and 7.2.2.2 or 5 %, whichever is less.

NOTE The system validation procedure is neither an alternative to probe calibration nor to the uncertainty
estimation of Clause 7. The probe and readout electronics are calibrated regularly according to the procedures
given in Annex B. Probe hemispherical isotropy is not considered in the protocol for system validation.

D.3.6 Numerical target SAR values

Table D.1 shows the numerically validated target SAR values for system validation (see
D.3.5), using the standard dipoles described in Clause G.1. The numerical target SAR values
in Table D.1 were calculated using the finite-difference time-domain method using the
phantom requirements in Annex H and Table H.1, and also validated against measured
results with equivalent test set-ups for 300 MHz to 5 800 MHz. The local SAR values in
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Columns 5 and 6 of Table D.1 were experimentally verified for each test frequency using
fourth-order polynomial extrapolation. The values above 3 GHz are dependent on the dipole
spacer used and detailed construction of the dipoles; therefore, individual dipole targets may
vary from the values in Table D.1 by as much as + 10 %. The reason is that the dipole
dimensions are short with respect to arm diameter and spacer dimensions, i.e. the numerical
target values are not generic and need to be determined for a particular configuration.

Table D.1 — Numerical target SAR values (W/kg)
for standard dipole and flat phantom

Phantom Local SAR at suln-*?ac:el ?VA=R2aém
Frequency shell 19 SAR 10 g SAR surface (above from

thickNess T - eed-pdint)?

MHz mm W/kg W/kg W/k /Hg
A\

300 6.3 3,02 2,04 PN 2y
3¢0 2,0 2,85 1,04 M\ \ K b
430 6,3 4,92 3,28 N\ 720308 | 3.2
430 2,0 4,58 3,06 < 6, 7> 2,98
730 2,0 8,49 5, E,s\ 4,5p
835 2,0 9,56 d22 () 14/ 4,9p
90 2,0 10,8, AZN 4 5,4p
1450 2,0 2<&\0 (@,o \ N )\/50,2 6,5p
1 00 2,0 30,5 18 52,8 6,5p
1d40 2,0 32~ n184 60,4 6.6p
1150 20 N_| 3 \ [N a3 64,9 6,5p
1 doo 0 N ss) Yod 1 69,5 6.8p
1400 0 (307 ~—"205 72,1 6,6p
1450 /\ 2) }\ 495 20,9 72,7 6,6p
2 doo 0 1,1 21,1 74,6 6,5p

/2 \)“x >
2 {oo A\, 6 21,9 79,9 6,58
2 400 \gb\ 48,7 23,3 92,8 7.1B
2 450 ﬁ 2\,Q 52,4 24,0 104 7,7p

AR\

240 N\ 20\ 55,3 24,6 113 8.2p
3 doo AN \3\0\/ 63,4 25,6 142 9,5p
3400 N 20 67,1 25,0 169 12,/
3 o0 2,0 67,4 24,2 178 12,
5000 2.0 77.9 221 305 15.1
5 200 2,0 76,5 21,6 310 159
5 500 2,0 83,3 23,4 349 18,1
5 800 2,0 78,0 21,9 341 20,3
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The values above 3 GHz depend on the dipole spacer and detailed construction of the dipoles and may vary by
as much as + 10 %. The reasons are that the dipole dimensions are short with respect to arm diameter and
spacer dimensions, i.e. the numerical target values are not generic and need to be determined for a particular
test set-up. Also, the results can be sensitive to the permittivity of the phantom shell (see Onishi and Uebayashi
[123] for details). For these reasons, the laboratory shall determine target SAR values for the particular test set-
up using numerical and experimental methods.

The dipole forward power shall be limited so that the measured SAR values are within the dynamic range of the
probe to avoid probe damage.

NOTE 1 All SAR values are normalized to 1 W forward power.

NOTE 2 The 1g and 10 g target SAR values are only valid for the system validation defined in Clause D.3,
using dipoles having dimensions as defined in Clause G.1.

a8 The [nonmonotonic behaviour of the local SAR values al 2 cm transverse ofiset jfom tRe feed-point for
1 64p MHz to 2 100 MHz is due to tissue-equivalent liquid conductivity values selegted for these fféquencies

(see|Table A.3). N\

A

Table [).2 shows the target SAR values for system validafion glwawveguide [sources
described in Clause G.2. The numerically validated target de denf on the
relative |permittivity of the phantom shell; therefore, targ iven\for relative shell
permittivities of 3, 4 and 5. Linear interpolation st phantom shell
permittivities between these values. The numerical/target lues\of Table D.2| are for
1 W mepsured net power into the waveguide, and & irng the finite-difference
time-domain method with volume averaging reqlirgme d in IEEE C95.3-2002 and
verified [by measurements. The powey/delyvergd to H equal to the forward power
into thel waveguide source minus the\reflacte aveguide transmission losses
(including losses in the adapter and wak . The transmission losg of the
adapter| can be determined by measyring S, axial port with three differenf known
wavegu|de standards connected to the\wa ide’x or example a short plus two different
offset shorts (short-circujted\trapsmission § at djfferent offset lengths). The waveguide
transmission loss shall be wmea using a calibrated network analyser.

The wayVeguide odelled as a perfect electric conductor with a
matchinjg dielec s as specified in Clause G.2. The phantgm used
in the s M, a width of 152 mm, a depth of 80 mm and a shell

thickned c eters of the liquid are as defined in Table A.3.

Frepu cy\ }ha{tio/}l shell 1 g SAR 10 g SAR Local SAR as a function of distance
refative d [mm] into the phantom algng its
MHz rmittivity Wikg Wikg centre line
3 165 53,7 667 exp(-2d/6,2)
5200 4 180 56,5 733 exp(-2d/6,2)
5 194 59,1 796 exp(-2d/6,2)
3 165 49,3 804 exp(-2d/5,5)
5 800 4 184 52,5 907 exp(-2d/5,5)
5 200 55,2 982 exp(-2d/5,5)

In case the net power produces measured SAR values that are above the dynamic range of the probe, lower
powers shall be used so as not to introduce additional measurement uncertainty or damage the probe.

NOTE 1 All SAR values are normalized to 1 W net power (i.e. the power delivered to the phantom).

NOTE 2 The 1 g and 10 g reference SAR values are only valid for the system validation defined in Clause D.3,
using waveguides having dimensions and construction as defined in Clause G.2.



https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

- 144 — IEC 62209-1:2016 © IEC 2016

D.4 Fast SAR method system validation and system check

D.4.1 General

Fast SAR methods described in 6.6 are in general based on assumptions or approximations
that are typical of each fast SAR method and deviate from the standard measurement
procedure. For a given SAR measurement system, since fast SAR methods falling into the
class described in 6.6 are based on simplifications and approximations which are specific to
each singular approach, system check and system validation methods required for full SAR
measurements have been considered insufficient for dealing with 6.6 fast SAR methods. New
system check and system validation methods are hence introduced in Clause D.4.

D.4.2 rETates to fast SAR method system validation that shall be dgne method
developEr i the fast
SAR m . These
requirer ibed in
Annex K. d other
assessments performed to validate the fast SAR method for ugers te determi ow [o apply
the specific method for SAR evaluation. Any additional ana S it er shall
satisfy tp apply the fast SAR method shall be clearly specified.

D.4.3 describes the fast SAR method system chec iven SAR

measur¢ment system, a single system check source and fast

SAR using the procedures in Clause D

D.4.2 Fast SAR method system valis

Fast SAR system validation is a wa method.

Since the validation and tphe veloper

of the fgst SAR method, the sy idati i ertainty

budget.|The following pxincip 3 idati .

— Multjple radi ¢ bd shall
be Used. Th@l 5’handsets or other sources that comply with the
requirements of P s (e.g. one sample for each band) can be Used for
fast ¢ ¢ ” The developer shall demonstrate that the fast SAR
mett i \ \ élected sources or SAR distributions in validating or
calif 3 ‘

- The i alf be performed over the full range of operating freqliencies,
modglati ver leyels (e.g. 10 g peak spatial-average SAR between 0,1 W/kg and
10 V] 4 erating configurations, exposure conditions and SAR distributipns that
are $ ifi ith the method.

— The|sdurces chosen shall cover the range of SAR distributions (e.g. distributions with a
SAR . which is Iargpr than —3 dB of a local maximum within a radius ranging from 5 mm to

50 mm; dominant polarization both normal and parallel to the phantom surface; locations
within the measurement area defined by the fast SAR system; and number of SAR peaks)
supported by the fast SAR method. The fast SAR method developer shall specify the
sources used to validate the particular fast SAR method and provide the necessary
validation details to ensure users can apply the method correctly.

— The radiating sources shall be chosen so that the measurement uncertainty during system
validation is not strongly dependent on or dominated by the source (e.g. positioning,
source uncertainty) and phantom configurations.

— A minimum of 10 configurations shall be tested, per frequency band, so that there is high
confidence in the system validation. This could be achieved, for example, by using two
radiating sources at five different distances or orientations.

SAR uncertainty for fast SAR method system validation is determined by comparing the peak
spatial-average SAR determined with the fast SAR technique, SAR,¢; ; With the target SAR of
the full SAR assessment, S4R;,, ; for the i-th test configuration (radiating source, frequency,
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SAR distribution) The standard deviation of the difference between the two methods is
determined according to the following formulas:

N
SR %] = |- Y (8~ o (D.1)

S. . —SAR
A [%] = 100 x| ———Tast; ful (D.2)
ARy,
g &
u=ar 20 (D.3)
i=1
The sydqtem validation shall be applied separately for each y mogdulation

supported by the fast SAR method.

The stahdard deviation of Formula (D.1) shall be certainty of |the fast

SAR method (Table 14). Otherwise, the developeg od shall eithgr revise

the combi ith the system validation

results,

The fas idatior bexperformed when modifications to fthe fast

SAR m - i o S ade. A summary of the developer’s

system idati ~ | ibed in the SAR report to support|the test

results.

D.4.3

SAR syp abofratories to verify the reliability and consistency of

the fasf] d n 3/SAR system. The fast SAR method system check

requirer] i e sysfem check of the full SAR system, as descfibed in

Clause f i [ '

o ltis ' Q& ra each frequency band in which components of the|system
(e.g '

e It sh ~ dwithin 24 h before the fast SAR measurement of the hands¢t under
test.

o It shall/be performed on the same measurement system that is used for the fast SAR
evaluation-of the-handset-undertest

e It is performed using a single system check source (either the dipole antenna or
waveguide sources and set-up described in Clause D.2 or another well characterized
source). The fast SAR reference value for the source shall be determined for the fast SAR
system check set-up, and a measurement uncertainty budget for the system check shall
be provided.

e The fast SAR system check measurement result is compared to the fast SAR reference
value for the same source and frequency band. The result shall be within two standard
deviations of the fast SAR measurement uncertainty for system check, but not larger than
+ 10 %. Otherwise, the fast SAR system shall not be used.
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Annex E
(normative)

Interlaboratory comparisons

E.1 Purpose

The purpose of the interlaboratory comparison is to validate various SAR measurement
systems by comparing results from several different laboratories. The general concept is to
use reference handsets and the SAM anthropomorphlc phantom filled with a head tissue-

equivale ] 3 1 1ssessment
method ‘

The m¢g i i d. a .campafison of
measure i i e ned, If the
differeng ¢nces in
the med ssful. If
not, all ause 7.
Also, ot shall be
conside

NOTE G 51, [66].
E.2

The anthropomorphic phantom is described™Nn 5% Annex A. The phantom shallf have a
mounting structure made 6 C ith oW permittivity (less than 5) gnd loss
tangent|(less than 0 05) ‘ i cm from the structure shall be avoided.

The phantom shaII b i i 2 e e handset mounted according to the test
position !

E.3 H

Referen ireless handsets that are maintained and distriputed in
accordance Wi ~ 43:2010. The designation of the supplier is based|on the
agreeme

E.4 H

The poyer. set-up is dependent on the precision of the output power measuremenit of the
reference device used for the interlaboratory comparison. Each device is individually checked
by the participating laboratory so that the maximum conducted output power of each device is
in the range of + 0,3 dB of the reference value. The measured output power shall be reported
to the monitor laboratory. The device output power shall be adjusted via test software to a
predetermined value. The device battery shall be fully charged.

Careful effort shall be expended to ensure an accurate output power measurement. Some
devices may allow easy and accurate output power measurements at the antenna port. The
ease of output-power measurement shall be considered when designating reference handsets
for use in the comparison tests. If deemed necessary, the reference handsets shall be
returned to a monitor laboratory periodically during the comparison campaign for output power
and frequency verification. Also, the battery condition shall be checked by the monitor
laboratory, to ensure uniform power output at all laboratories.


https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

IEC 62209-1:2016 © IEC 2016 - 147 -

E.5 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 6. When a full SAR
system or a fast SAR system is used, the interlaboratory comparison shall be performed with
a calibrated and validated system. Each laboratory shall provide a full test report in
accordance with the requirements of Clause 7 and 7.2.3 including system validation, liquid
measurements, system uncertainty data, and measured output power data. If a fast SAR
system that does not meet all of the specifications of this International Standard is used to
perform SAR measurements, the uncertainty should follow general guidance provided in
Clause K.2 if applicable.

Results| of the interlaboratory comparison shall fall within the expanded “wncertginty for
exposure assessment from Clause 7. The reports from different | ratories{are to be
evaluated and compared by the designated monitor laboratory.

&
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Annex F
(informative)

Definition of a phantom coordinate system and
a device under test coordinate system

The offset and rotation between these optional reference coordinate systems can be used to
provide an unambiguous description of device position relative to the phantom. A definition of
the phantom coordinate system for the left ERP is illustrated in Figure F.1.

Key

X, ¥y, z A

The x-, he axes

are defi

e The d points
from the left
ERP.

e The ndicular
to th

e Thex-axis)is perpéndicular to the reference plane along the N-F line (Annex A.2) and cuts
the neference plane at the left ear reference point.

For the right ERP, the reference coordinate system can be defined analogously where the x-
and y-axes are the same as in left ERP configuration with z-axis pointing from left to right. A
definition of a device under test (DUT) coordinate system is shown in Figure F.2.
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wy/2 Vertical line

* w2

vh' /
-
Acoustic ™
output \< Horizontal line

Acoustic input
-

Key

x', y', 2/ Axes of the coordinate system relative to the handset

Figure F.2 — Example coordinate syste

&
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Annex G
(informative)

SAR system validation sources

G.1 Standard dipole source

The standard dipole antennas of Figure G.1 with mechanical dimensions given in Table G.1
will produce the SAR values given in Table D.1 when the system validation test of D.3.5 is
followed. If dlpole antennas are used that have dlfferent dimensions than those given in
Table G ) able G.1,
the refefence SAR values for those sources shaII be documented and i depe dently verlfled
using p .

The refgrence dipole shall have a return loss better than 20 dB at thg tes c Preduce
the uncertainty in the power measurement. To meet this requiré i to fine-
tune thg reference dipoles by using low-loss dielectric or m ends of
the dipdle (see Figure D.1).

Table G.1 — Mechanical dimensions’of

Frefjuency Phantom shell v G h d,
thickness

MHz mm E );\m> mm
300 6,3 396,00\ 250,0 6,39
300 2,0 [ 4200 250,0 6,34
450 63 L \270y0 166,7 6,35
450 2.0\ ( 2900 166,7 6,35
750 NN 76,0 / 100,0 6,3
835 2.0\ 61,0 89,8 3,6
900 D 208 NA49,0 83,3 3,6
1450 NN TN Y 51,7 3,6
1500 N 80,5 50,0 3,6
1640 NN 79,0 45,7 3,6
1750 20 D 75,2 42,9 3,6
1 N N\ 20 72,0 41,7 3,6
1 N\ 2,0 68,0 39,5 3,6
1 950 1\ T 20 66.3 38,5 3.6
4000 . 20 64,5 37,5 3,6
4 100 2,0 61,0 35,7 3,6
2 300 2,0 55,5 32,6 3,6
2 450 2,0 51,5 30,4 3,6
2 600 2,0 48,5 28,8 3,6
3000 2,0 41,5 25,0 3,6
3500 2,0 37,0 26,4 3,6
3700 2,0 34,7 26,4 3,6
5 000 to 6 000 2,0 20,6 ° 40,3° 3,6

The L, k, and d, dimensions shall be within + 1 % tolerance.
a

These dimensions are applicable for a coaxial diameter at the balun of d, = 2,1 mm (see Figure G.1).

The reference dipole arms shall be parallel to the flat surface of the phantom within a
tolerance of + 2° or less (see Figure D.1). This can be assured by carefully positioning the
empty phantom and the reference dipole to horizontal level using a spirit level.
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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 shell 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.

Dimensions in millimetres

dy

Standard semi-rigid

coaxial cable
\ ~
ola

Coaxial feed

IEC

Key
Lengt
Diamg

Diamsg

SR T T
N

Lengt

i

PTFE|= polytetrafluoroethylene.

Figure G.1 — Mechanical details of the standard dipole

G.2 Standard waveguide source

The standard waveguide source of Figure G.2 with mechanical dimensions given in Table G.2
(corresponding to WR159 or UK WG-13 with a IEC-UDR58 flange according to IEC 60154-2)
will produce the SAR values given in Table D.2 when the system validation test of D.3.5 is
followed. The waveguide feed shall be placed at least one wavelength away from the
matching layer to ensure that higher order modes have vanished. The waveguide
transmission loss shall be characterized by measurement with a network analyser. If
waveguides are used that have different parameters than those given in Table G.2, or if
waveguides are used at frequencies other than those listed in Table G.2, the reference SAR
values for those sources shall be documented and independently verified (e.g. by comparison
of numerical simulations to measurements).
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ing to Table G.2)

Table G.2 — Mechanica@wn{lgs}o waveguide
Frequency Phantom L t &,
shell
thickness
MHz mm mm mm
5 20d 2 61,98 5,3 6
5 80 2 61,98 4,3 6

NOTE [ and W g he i
waveguide flange, ard
L and W|is £ 0,13 mm.

the waveguide. The
height of the wave

input refurn |
included in th

oss\of
retu

e waveguide, L; and W are the length and width of the
relative permittivity of the matching layer. The tolefance for
sless dielectric slab that fills the cross-sectional L x I} area of
ayer are in direct contact with the phantom shell. The minimum
flange) is one free-space wavelength. This arrangement gives an
certainty of the permittivity and thickness of the dielectric glab are
e do not need to be specified independently.

&S
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Annex H
(informative)

Flat phantom

The influence of the dimensions of the flat phantom (see Figure H.1) on the absorbed energy
in a 10 g cube inside the liquid-only phantom (without box) was assessed numerically using a
commercial FDTD code. The phantom was illuminated with a matched dipole antenna at a
distance of 15 mm (0,042 4 at 840 MHz). The dimensions of the phantom (W and L) were
varied between 0,4 4 and 3 A. The power absorbed in the cube was alternately normalized to
a feed-point current of 1 A, or a feed-point power of 1 W. Although deviations occur in the
abSOI’bu" nnnnnnnnn thao cuba malizad aoithar ta tha fand H —\d pOInt

current, o were
determi met for
dimensi hown in
Figure H. ? length
shall be ensions
respecti %. The
dimensi ;th. The
dependeé

Becauseg thanges,
i.e. the he 10 g
averagd. dtions of the dipole| current

magnitul
SAR avge
used in

3 are large compared with the
olume size. Although the depth
d for the flat phantom in Clguse A.3,

it is 2,5 erefore the power reflectiop at the
liquid st

The numeri 5AF a .T~wére calculated using the FDTD methlod. The
parame : Il used in simulations (dimensions, shell th|ckness,

and pefnmittivity ) \ is S egen the reference dipole and liquid are given in
Table H.1. pion ensions\usegd in this table produce the same SAR values as a
phanton 6f Clause A.3, within the uncertainty of the AR test
system. \ 2commended in Clause A.3 are to be used for| system
check 4 ySte idatjon \The dielectric properties used for the liquid are defined in
Table A i iong of’'the reference dipoles are shown in Table G.1.
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e e e e e e e 4 D
l, > ~
23,6 mm ¢\ 15 mm or 0,042 4

« 0,51 . IEC
Key
L phantpm length
W phantpm width
D phantpm depth
A free-space wavelength

NOTE A|10 g cube is shown at the bottom centre of the flat phantom.

Figure H.1 — Dimensions of the flat phantom set-u
phantom dimensions for W and L for i

iving the minimal

Normglized to 1 W
Nownalized to 1 A

Error %

Side length (1)

IEC

Figure H.2 — FDTD predicted uncertainty in the 10 g peak
spatial-average SAR as a function of the dimensions of the flat
phantom compared with an infinite flat phantom, at 800 MHz
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Table H.1 — Parameters used for calculation
of reference SAR values in Table D.1

Frequency P htir;iir:ezge I P 2: :'lrtn°| :'t]i ;T; I dim : nhsa: 2:105mu sed Rdeifset;enr::(;eséflr’:)‘:;e
for FDTD models the liquid
MHz mm mm mm
X; Yz
300 6,3 3,7 1 000; 800; 170 15
300 2,0 3,7 1 000; 800; 170 15
450 6,3 3,7 700; 600; 170 15
450 2,0 3,7 700; 600; 170 ( 15
750 2,0 3,7 700; 600; 128\ | (~\_\15
835 2,0 3.7 360; 300 180\ |\ X 13)
900 2,0 3,7 36%@%&0\ \NS/

1450 2,0 3,7 2400200; BN\ 10

1 500 2,0 3,7 < 220n80; %9\ \ 10

1640 2.0 3.7 Mo 15\0\ 10

1750 2,0 37 ( 22})\160\4Q/ 10

1800 2,0 3/(( \ /2§\0, 1}9>150 10

1900 2.0 7 ( \22’0;%6; 150 10

1 950 2.0 > \?\ N2207160; 150 10

4000 2,0 (37N 160; 140; 150 10
4100 20 N 160; 140; 150 10
3300 20\ 37 160; 140; 150 10
4 450 Nz O \\sz/ 180; 120; 150 10
4600 NEDY 7 180; 120; 150 10
4 000 N 20\ N\ a7 220; 160; 150 10
4 500 NN 3,7 174; 110; 150 10

4700 A \2s 37 174: 110; 150 10

g 000 ( \ \X\O X 3.7 90; 80; 35 10

5 \ N \2,0 37 90: 80; 35 10
5\00\\ ,0 3,7 90; 80; 35 10
5800 \ 2,0 3,7 90; 80; 35 10

NOTE [The/SAR values in Table D.1 at frequencies above 3 GHz depend on the dipole spacer and |detailed
construdtion of the dipoles and may vary by as much as + 10 % The reasons are that the dipole dimendions are
short with respect to arm diameter and spacer dimensions, i.e. the numerical reference values are not generic
and need to be determined for a particular test set-up. Also, the results can be sensitive to the permittivity of the
phantom shell [123].
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Annex |
(informative)

Example recipes for phantom head tissue-equivalent liquids

1.1 Overview

The dielectric properties of the liquid phantom shall be those listed in Table A.3. For
frequencies not listed, the dielectric properties shall be calculated from the tabulated values
using linear interpolation. Tables 1.1, 1.2 and 1.3 suggest examples of recipes for liquids with
parameters as defined in Table A.3

[
WARNING
To endure personnel safety, the users shall follow the instructioRs ided _imthe[Material
Safety [Data Sheet (MSDS) for any material, and/or any local r?guja\' ns,
AN\

1.2 Ingredients

The following ingredients are used in the example o orvprodusing the head tissue-
equivalent liquids:

e Suctose (sugar) (> 98 % pure).

e Sodium chloride (salt) (> 99 % pure).

o De-ipnized water (16 MQ resistivity

e Hydroxyethyl cellulose
e Bacfericide.
e Diet

e Poly amethylbutyl)phenyl ether]. This is available as

, Triton X-100 shall be ultra pure to mgtch the

Tritd
com e Triton X-100 based liquids, the dielectric parameters
are o keep them close to the targets. Therefone, it is
reco Se’s 3 S when available.

e Diad

o 1,2-

e Poly

e Diethylenglycol nfonohexylether.

NOTE 1 Viscosity of HEC-based tissue-equivalent liquids shall be low enough not to affect E-field probe
movement.

NOTE 2 Add salt to water first to make a saline solution, then add the Triton X-100.

NOTE 3 Actual results and mixture percentages may vary from those shown depending on grade and type of
components used.

NOTE 4 The tolerances of & and of o in Table I.1, Table 1.2 and Table 1.3 are liquid temperature tolerances
described in 7.2.6.6 based on measurements of the applicable liquid recipes.

4 Triton is the trademark of a product supplied by The Dow Chemical Company or an affiliated company of Dow.
This information is given for the convenience of users of this document and does not constitute an endorsement
by IEC of the product named. Equivalent products may be used if they can be shown to lead to the same
results.
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1.3 Tissue-equivalent liquid formulas (permittivity/conductivity)

The formulas for the tissue equivalent liquids can be found in Tables |.1 to 1.3

Table 1.1 — Suggested recipes for achieving
target dielectric parameters: 300 MHz to 900 MHz

F’e&"'_lezncy 300 450 450 450 835 835 900 900 900 900
Reference 781 | 781 | n3o1 | w7 | e | wm | e | pam | psor |7
Ingredients ( % by weight)
1,2-Progdanediol 6{,81
Bacteric|de 0,19 | o019 | 050 0,10 010 ¢\~ 00
Diacetin 48,90 ( 20
DGBE \

HEC 0,98 | 0,98 1,00 1,00 NN

NaCl 595 | 395 | 170 | 196 | 145 | 125 NesGlore\| 110 | 135
Sucrose 55,32 | 56,32 57,00 56,50

Triton X1100 ( (7 /

Polysorhjate 20 49,51 ( \\/ %8?4)\ \ 48,34
Water 37,56 | 38,56 | 48,90 4853| 4045 |roi36| Poloz | 3440 | 49,20 | 50,31
Measurdd dielectric parameters > \ \—/

p 46,00 | 434 | 443 (| 43 \41\ \}1,6 412 | 41,8 | 427 | 41,0
o (S/m) 0,86 gﬁs\s\ 0,8 0‘,9\ 090 | 098 | 097 | 099 | 0,98
T (°C) 22 }& 9\ ><\ 2>/ 21 22 22 20 21
£l toleranc 038% \MA\ 0,1\3& 0,1 04% |004% | 04% | 08% |0,04% |0,04%
G torance W 1,\3\ N2 [ 03% | 16% | 03% | 1.2% | 09% | 16%

NOTE N/A indicates )&the a&te a

t avallable at the time of publication.
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Table 1.2 — Suggested recipes for achieving
target dielectric parameters: 1 450 MHz to 2 000 MHz

F’emez"cy 1450 | 1800 | 1800 | 1800 | 1800 | 1800 | 1900 | 1900 | 1950 | 2000
Reference (78] (78] (1471 | [147] | [130] [47] (78] [147] [47] (78]
Ingredients ( % by weight)
1,2-Propanediol
Bactericide 0,50
Diacetin 49,43
DGBE 4551 | 4700 | 1384 | 4492 4492 | 1384 4500 | 50,00
HEC
NaCl 0,67 0,36 0,35 0,18 0,64 0,50 0,18 0,35\

Sucrose \

Triton X}100 30,45 \3\45\ >
Polysorfate 20 45,27 \ \\ \

Water 53,82 | 52,64 | 5536 | 54,90 | 49,43 /5@\ 52 o\\&\s/e) 55,00 | 50,00
Measurdd dielectric parameters / ~ >

o 40,9 | 39,3 41 40,4 é\/)/o XQ 41 40,1 37
o (S/m) 1,21 1,39 1,38 \\4 Cf\ &1,4@ ywz(z 1,38 1,41 1,4
T (°C) 22 22 21 22 20 M/ 21 21 20 22
&l toleranck 01% |021% | 0,0% (| 0,09% | 05Q9 \>4 % | 0,09% | 00% |044% | 0.4%
i rorancd 0,9 % %/6\%\ , 2,0\%\ 07%723% | 20% | 1,0% | 29% | 2.6%

@%&U
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Table 1.3 — Suggested recipes for achieving
target dielectric parameters: 2 100 MHz to 5 800 MHz

F'emezncy 2100 2100 2 450 2 450 3000 5200 5800
Reference (78] [147] [147] [130] [147]
Ingredients ( % by weight)
1,2-Propanediol
Bactericide 0,50
Diacetin 49,75
DGBE 50 00 799 799 799
HEC Al
NaCl 0,16 0,16 NN
Sucrose \ \
Triton X}100 19,97 19,97 < \@7\ 17,2\5 17,24
Dietryepalyce! O\ XY e || mas
Water 50,00 71,88 71,88 49,75 N 71,88 6552 || 65,52
Measurdd dielectric parameters . ( (7 . \/
& 36,8 A % >\/ (ég,é‘) >37,9 36,8 35,2
o (S/m) 1,51 1,55 1\8\8 \\82 2,46 4,60 5,29
T (°C) 22 20 EQ\\ 20 20 22 22
#oreranch 0.4 % 0,11 %\ N N2 % N/A 17% [[1.8%
Orgtorancd (2,0 % 2.2 % N/A 27% ||26%

2,6%\
NOTE N/A indicates thatltw\e\gyér@

ers@\@t

WA\
E\W the ti

me of publication.

Q\@V
Ry
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Annex J
(informative)

Measurement of the dielectric properties of liquids
and uncertainty estimation

J.1  Introductory remarks

Clause J.2 describes the measurement of the dielectric properties of tissue-equivalent liquids
required to support the SAR measurement procedures. It provides sufficient details to enable
users t i i -

dielectri
perform
paramefer measurement uncertainties are provided in 7.2.6.

J.2 Measurement techniques

J.2.1 General

The die h of the
tissue-e

techniglyies can be used for dielectric grop i d.

J.2.2 Instrumentation

The foll

e vectpr network analyserand\S

o the liquid sample ¢ ine and

TEM line tha@
e appljcation s

meagurements

rameter

Three n
Clauses
The dim
frequen
parame

d the corresponding test methodologies are desgribed in
le measurement accuracy for the different methods can vary.
sion line or coaxial probe are functions of the measurement

neasurement accuracy is validated by measuring the dielectric

J.2.3 General principles

The following general principles should be applied for all the procedures.

e The sample holder is thoroughly clean.
e All cell, probes, cables, and connectors are undamaged.

e The procedure for filling the sample holder with the liquid sample fills the volume
completely without trapping air bubbles.

e The temperature of the sample is recorded, and it is reported that the dielectric properties
are applicable at that temperature only.

e Measurement personnel are acquainted with the nature of the measurement and what to
expect at each stage of the procedure.

e After calibration, a measurement is made on a reference liquid to validate the system prior
to measuring the sample. Data for several recommended reference materials are given in
Clause J.6.
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e Data reduction methods for relating complex reflection coefficient and complex permittivity
are accurate and appropriate for the sample-holder geometry being used.

J.3 Slotted coaxial transmission line

J.3.1 General

A terminated slotted coaxial line with a moveable probe can be used as a sample holder [12].
A network analyser provides the RF signal at the input of the slotted line and enables the
magnitude and phase of the signal transmitted into the sample to be determined as a function
of position along the line by means of the moveable probe.

The tedt procedure should specify the network analyser callbrat|on
required frequency range, the starting measurement position, step
total number of subsequent measurement positions. The applicatio
the megsured data to yield the dielectric properties of the sample.
given in|J.3.3.

lot, and
nterpret
bdure is

and s tings% for the

J.3.2 Equipment set-up

The test equipment consists of a slotted coaxial trang ted to a
vector network analyser, as shown in Figure J.1. e e is the
extended centre conductor of the coaxial cablefcd ctor. Qg-magnitude and pghase of
So4 should be displayed simultaneously."§ourgcé\oow sgt to a level high enough to
provide |good signal-to-noise ratio. Singce the uant|t'es are magnitude and phase
changes versus distance, the accuracy of the scale i

oooo
. goog
Slotted coaxc@ﬂp@fg id Nbe \ oo
N2 ‘:::_‘:__ ___ ____:: oooo \@
U O ™

Port 1 Port 2
IEC

Although

on line.

The propédnserted through the slot into the tissue-equivalent liquid detects the RF a
and ph
calibration of the network analyser should be carried out prior to filling the I|ne with liquid, and
the following precautions should be observed.

a) Fill the slotted line carefully to avoid trapping air bubbles. This operation should be
performed while the slotted line is horizontal.

b) The probe should be inserted into the slot at the end nearest to the input connector of the
slotted line, so that the tissue-equivalent liquid is flush with the inside surface of the line,
and aligned with a well-defined position on the distance scale of the slotted line.

c) The probe should be inserted perpendicular to the slotted-line longitudinal axis until a
stable and adequate amplitude response is achieved. Do not insert the probe too deeply
into the coaxial line, because it can overly perturb the field distribution.

J.3.3 Measurement procedure

a) Configure and calibrate the network analyser.
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b) Measure log-magnitude and phase data at 10 to 20 positions along the slotted line
corresponding to about a 30 dB change in magnitude.

c) Plot S, log-magnitude and phase versus measurement distance.

d) Determine if the graphed points closely follow a straight-line approximation, based on the
correlation coefficient or a similar statistical measure. The data should produce a good
linear regression fit (expected correlation coefficient »2 > 0,99 for lossy materials). If not,
re-measure the liquid by increasing the number of measurement points to extend the
magnitude change from 30 dB to 40 dB.

For low-loss materials, ensure that the slotted line is long enough to avoid reflections from
the load-terminated end.

e) Calculate the conductivity and relative permittivity of the tissue-equivalent liquid using the

following formulas derived from [148].
—  mpyIn(10)
—_—m_ 1=/ Np/cm
a 0 [Np/cm]
B = T [rad/cm]
180
(J.1)
whefe
My 3 d phase
a a and propagation coefficients along the ling
J4a4 C
J.4.1
Contact d flange
serving brobe in
contact |w ient with
respect end, using a network analyser or equivalent instrumentation [8],
[48], [134]. Cc 28 can also be used to test solid dielectrics, for example bulk sgamples
of the materials~sused)to construct the device holder or phantom. To minimize errprs with
contact |probes, solid’surfaces should be highly polished [1].

The network analyser should be calibrated and the test procedures should specify the
equipment settings for the frequency range to be measured. The application software should
use the measured data to compute the dielectric properties of the liquid sample as a function
of frequency. Coaxial probes are commercially available, including the application software
required for use with specific network analysers. The applicable frequency range is a function
of the probe size. An example procedure is given in J.4.3.

J.4.2 Equipment set-up

The equipment consists of a coaxial probe connected to one of the ports on a vector network
analyser. The open-ended coaxial line construction is shown in Figure J.2. Cylindrical
coordinates (p, ¢, z) are used where p is the radial distance from the probe axis, ¢ is the
angular displacement around the axis, z is the location along the axis, a is the inner conductor
radius, and b is the inner radius of the outer conductor. Coaxial probes typically include a
flange to satisfy the infinite ground-plane assumption used in admittance calculations.
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A non-metallic container that is sufficiently large compared to the size of the probe immersed
in it should be used to hold the liquid sample. A probe with an outer diameter » of 2 mm to
4 mm is suitable for tissue-equivalent liquid measurements in the 300 MHz to 6 GHz range.
This probe size requires sample volumes of 50 cm3 or more. Larger sample volumes are
required for probes with an outer diameter b up to 7 mm.

P fadial distance from the axis

Key

a inner conductor radius

z displacement along the axis

b uter conductor inner radius &

@ gngular displacement around the axis

(x, v, z) Cartesian coordinates

paxial probe with inner
b, respectively

The cogxi
short tq

york analyser and typically calibrated with open and
n dielectric medium, such as de-ionized water.
Commef gupplied with high precision shorting plugs fdr probe
calibrati res are highly automated by the application goftware
provide i AME NS 'Iable probes To ensure measurement accuracy, the probe
end sho

Large nmpeasu emnt errors due to "flange resonances can occur When the diametdr of the

flange i ) effects
are mojsts pronounceé 5s  than
approxi h f limethyl

sulfoxide). Therefore, calibration with a liquid having a high loss tangent, e.g. ethanol, is
strongly recommended for larger sensors. There could be problems calibrating 7 mm flanged
coaxial sensors with water at some frequencies. Tissue-equivalent liquids have a loss tangent
of about 0,5, which is high enough to ensure that resonance effects are practically
nonexistent no matter what size of sensor is used.

The network analyser is configured to measure the magnitude and phase of the admittance
under application software control. A one-port reflection calibration is performed at the
measurement plane of the probe by placing it in a liquid with known reflection coefficient, with
the probe in direct contact with the liquid. Three standards are needed for the calibration,
typically a short circuit, air (open circuit), and de-ionized water at a well-defined temperature
(other reference liquids such as methanol or ethanol may be used for calibration). The
calibration is a key part of the measurement procedure, and it is therefore important to ensure
that it has been performed correctly. It can be checked by measuring the reference liquids in
Clause J.6 and re-measuring the short circuit to ensure that a reflection coefficient of 7'=-1,0
(linear units) is obtained consistently.
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J.4.3 Measurement procedure

a) Configure and calibrate the network analyser and probe system as required by the
application software.

b) Place the sample in a non-metallic container and immerse the probe into the liquid. A
fixture or clamp is recommended to stabilize the probe by mounting it with the probe face
oriented at an angle to the liquid surface to minimize air bubbles trapped beneath the
flange during insertion into the liquid.

c) Activate the application software to measure the complex admittance with respect to the
probe aperture.

d) The complex relative permittivity, & =¢/ - jo/wey , is automatically computed by the
application software; for example according to Formula (J.2) [134]:

. i \1/2
]2&)5 & exp—]a)(,u &é&g) 1
In b/a] r
whefe Y is the admittance of the probe in contact ed and

unpiimed coordinates refer to source and , respectively,

2 = p2 +p’2 —2pp'cos¢’, wis the angular frequeng

This fofmula can be computed numerically, or expanded j a ies and simplified [48],
[107], [108], [109]. The formula is fir s number £ and then the
sample |complex permittivity, using N& srative approximationg. Other
numerigal approaches may be used, “e.g. pplications software [can be
thoroughly tested and checked via ; Y reference liquids. Commercial open-
ended goaxial probe kits typically use si }

J.5 TEM transmi

J.5.1 Gener§
This method is based \Q

of the complex transmission coefficient of |a TEM-

mode cpaxial trans h the test liquid [143]. A transmission measlrement
with a - sed to determine the magnitude and phasel of the
scattering cogffici \ N which the complex permittivity is calculated. The [hetwork
analyse . 22 i d and the test procedures should specify the equipment [settings

for the § lo be"measured. The application software should use the mpasured
data to compute\thecthielectric properties of the liquid sample as a function of frequency.

J.5.2

The mebestrementset-up-is—showninFigureJd-3—The liguidsampleis—eceontainredinthe open-
wall stripline consisting of a centre-conductor with a circular cross-section, two planar vertical
(side) ground conductors, one optically transparent plastic bottom wall, an open top, and a
temperature sensor. The length 4 of the TEM line is chosen for a given frequency range so
that the effect of multiple reflections inside the TEM line is small, and the total attenuation due
to the liquid within the line does not exceed the dynamic range of the network analyser. For
example, two TEM lines with different lengths can be used to cover the frequency range of
800 MHz to 2 000 MHz. The liquid sample should be carefully syringed or poured into the
TEM line through the open top to avoid any air bubbles.
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J.5.3 Measurement procedure

a) Configure and calibrate the network analyser.

b) Recprd the magnitude and phase of 581 of {i

c)

d)

Vector Temp.
network meter
analyser

TEM-line m/

~—

|
Liquid

Figure J.3 — TEM line dielectric test set

Inje¢t sample liquid into the cell,
coefficient with the sample S§1.

S.

mission

Remove the liquid from the TEM\lin and dry
careffully.
Recpnnect the coaxialNj alyser. Make sure that the magnitiide and
phage of S81 are u an 0,1 dB in magnitude and 0,5° in|phase).
This|step is né are to be measured without recalibratipn.
Calqgulate the ca € ivitinof the liquid from the magnitude and phase of S§1/S81
by ajnumeric
s31 _ (1= r2)expl jck - ko)d]
S81 1-12 exp(— j2kd)
e 1-.& 1
1+4& (J.3)
i = 2nf \/Z’
i)
ke = 2nf
€0

where
I is the reflection coefficient at either end of the TEM line;
k is the wave number in the liquid;
ko is the free-space wave number;
d is the length of the sample holder (TEM line);
is the frequency;
co is the free-space speed of light;
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& =& — jojweg s the complex relative permittivity of the sample.

J.6 Dielectric properties of reference liquids

The procedures in J.2 require measurements of reference liquids that have well-established
dielectric properties in order to validate the dielectric measurement system. It is
recommended to use a reference liquid listed in Table J.1 for validating the dielectric
measurement system. The difference between the measurement results and the calculated
dielectric properties (normalized for frequency and temperature) should be within the
expended uncertainty of the dielectric measurement system. Two reference liquids are
required, one for calibration, and one for checking the calibration. A general formula for

calculatjng frequency-dependent dielectric properties is given below:
&g — & O
& = € + S = 7+ ' (J.4)
1+ (jor)™%) J @&

where
& is thp static or low frequency permittivity;
£, is the asymptotic high-frequency permittivity;
r is the relaxation time;
o; is the ionic conductivity.
Formulg -5 = 1, to the Cole-Cole|formula
for g = ionship for « = 0 and 0 < 8 <|1 [60].
The paf erti eral reference liquids using this|formula
are give i Fionized
water. | e model
parame [60]. In
general enerally
expecte| e agree
relativel hlues. If
other re vided in
the test
It is a ¢ tissue-
equivalg iquUiEs? eference liquid mixture recipes should be followed exactly, and
dielectri In order fo avoid
contaminati Aporation, mixtures should not be left exposed to air. Referencg liquids
should pe hlgh purlty grade, e.g. analytlcal grade or better After openmg, reagen bottles
should be—stored—in—accordance with—the—manufacturer’s—recommenda e—chiration of

the recommended shelf life.

All personnel should be familiar with and apply any special handling procedures according to
the Material Safety Data Sheet (MSDS) for each particular liquid.
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Table J.1 — Parameters for calculating the dielectric properties
of various reference liquids

Reference Temperature | pet. Model p P : B
iquid °C s © [ps]
DI water @ 20 [75] Debye 80,21 5,60 9,36 1
DI water @ 25 [75] Debye 78,36 5,20 8,27 1
DMS 20 [571°¢ Debye 47,13 6,80 21,07 ;
DMS b 25 [57] ¢© Debye 46,49 6,50 19,12 ]
(
Ethanedipl 20 [57] D;‘i’('gon 41,89 4,75 /\\16{2‘\\ ,856
Ethanedipl 25 (57] D;/‘i’c'fs‘on 41,40 }70\ \18%)0 \\/?,800
Methano 20 [57] ¢ Debye 33,64 3\{38 ,60 1
Methano 25 [57]° Debye 32,67 50, 0 1
a2 DI wdter is de-ionized water.
b DMS]is dimethyl sulphoxide.
¢ Parameters from Gregory and Clarke [57] ere dm o 5 GHz only; the acguracy of
thesg parameters above 5 GHz has not b aIu e
Table J.2 — Dielectric @\@nce liquids at 20 °C
Methanol i De-ionized water Ethanedjol
Frea. 571N [75] [57]
MHz
& L{(S m) >§\ S/m) & o (S/m) & b (S/m)
300 33%\/ 048 4%07 0,027 80,19 0,022 39,01 0,14
450 33,05 A 1 \4/6\9\ 0,060 80,16 0,049 36,49 0,30
750 31,95 29\ [\.46,75 0,17 80,07 0,14 30,73 0,66
835 G, X035 46,64 0,20 80,03 0,17 29,16 0,76
900 5\,2&\ b»@o 46,56 0,24 80,00 0,20 28,00 0,83
1450 2\8,\\@ 0, 45,68 0,60 79,67 0,51 20,38 1,34
1500 N 0,97 45,58 0,64 79,63 0,55 19,87 1,38
1640 26,91 1,12 45,30 0,76 79,52 0,65 18,54 1,48
1750 26,24 423 45-06 886 F9-43 874 4762 1,55
1800 25,89 1,29 44,94 0,91 79,38 0,78 17,23 1,58
1900 25,62 1,39 44,71 1,01 79,29 0,87 16,51 1,63
2 000 24,63 1,49 44,46 1,11 79,19 0,96 15,85 1,69
2100 24,02 1,59 44,21 1,22 79,09 1,06 15,24 1,74
2 300 22,81 1,79 43,68 1,44 78,87 1,27 14,18 1,83
2 450 21,94 1,94 43,26 1,61 78,69 1,44 13,49 1,89
2600 21,11 2,07 42,82 1,79 78,51 1,61 12,88 1,94
3000 19,05 2,41 41,59 2,31 77,96 2,13 11,56 2,07
3 500 16,84 2,77 39,95 2,99 77,18 2,87 10,34 2,20
4 000 15,02 3,07 38,24 3,70 76,30 3,70 9,44 2,31
4 500 13,52 3,32 36,51 4,42 75,33 4,62 8,75 2,40
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Methanol Dimethyl sulphoxide? De-ionized water Ethanediol

Freq. [57] [57] [75] [57]

MHz

& o (S/m) & o (S/m) & o (S/m) & o (S/m)

5000 12,29 3,52 34,78 5,14 74,27 5,62 8,21 2,48

5 200 11,87 3,59 34,10 5,42 73,83 6,04 8,03 2,51
5400 11,47 3,66 33,43 5,70 73,37 6,47 7,86 2,54
5600 11,11 3,72 32,77 5,98 72,91 6,91 7,70 2,57

5 800 10,77 3,77 32,12 6,25 72,43 7,36 7,55 2,60

6 000 10,45 3,83 31,4872 6,522 71,95 7,81 7,42 2,62

a8 Pargmeters from Gregory and Clarke [57] were derived from measurements to he acduracy of

thes

b parameters above 5 GHz has not been evaluated.

% only;
VN

24

@%
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Annex K
(informative)

Measurement uncertainty of specific fast
SAR methods and fast SAR examples

K.1 General

6.6 explains fast SAR methods in general and describes the class of fast SAR method where
each method uses the same hardware as the fuII SAR measurement system. A second class
of fast , 2 YT - ificgtions of
this Intrnatlonal Standard but are S|m|lar in pr|n0|ple Among the XIStI known
techniq @ 9 several

probes . ng only
two tan ial fi , . aMs e [3pecific
probe tq i i i 3 ectrig field in
a givern N i . tible to
IEC 62209- i i Yassified, in this cptegory,

provide
post-prd
inside th

ribution

The die fast SAR methods should
comply aterial may be liquid, gel, or
solid. If h-is”accessible and replacgable by
the user, ed periodically as described [n 6.2.1.
If the ti* replaceable by the user, the| system
manufag¢ ¢ e ar ' pliance of the dielectric paramejers with
the reqpi ing eets of spatial variations of the dielectric
parame i S i

The fast SAR
describgd in

Annex K use the SAR measurement prpcedure
System validation and system check descfibed in

Clause oc¢ations should also be considered for the type¢ of fast
SAR sy . These ranges should be provided with the| system
validatid . informative because the system validation requirements have
not yet e>type of fast SAR system that is described herein.

Becaus( A8S. ¢ nigues uses specific hardware and software that do not copform to
those u AR Systems required by this Standard, the information in Clausg 7 may
not be ici ) [ the measurement uncertainty. Additional ungertainty
componlents, that are specific to the measurement system and method under consifgeration
may be—reeded—ClauseK-2—gives—generalguidance—for—determining—the—meastrement

uncertainty of this class of fast SAR methods.

In K.3, examples of the use of fast SAR methods are given. Two examples are provided that
go step-by-step through the fast SAR procedure A of 6.6.2, while two other examples deal
with fast SAR procedure B of 6.6.4. These examples are general and apply to both fast SAR
methods described in 6.6 and Annex K.

K.2 Measurement uncertainty evaluation

K.2.1 General

Clause K.2 provides general guidance to determine the relative uncertainty of a fast SAR
method employing different hardware than a full SAR measurement system. For a specific fast
SAR measurement method, rigorous uncertainty analysis should be applied for all applicable
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uncertainty terms, including any terms that are not described in Clause K.2. The same
principles apply for this type of fast SAR methods as for the type of fast SAR system
described in 6.6.1. The relative uncertainty is required, so uncertainty contributions that
represent fixed offsets for a set of test configurations are not considered in the uncertainty
budget. This includes fixed offsets due to system calibration, dielectric parameters that do not
change significantly during the tests (tissue-equivalent liquid temperature variations between
tested configurations fulfil the requirements in 5.1), uncertainties in phantom construction that
are fixed for a given system, and other offsets. Uncertainty terms that result in variations in
the measured values from their nominal values for a given set of measurements should be
considered in the relative uncertainty budget. This includes noise in the electronics, variations
due to device positioning and measurement errors, and other items.

Two ungertainty

a) Table K.1 is the uncertainty budget to be used when a fast SAR d |s§ plied for
sevegral test conditions within the same frequency band and mgdulation (e3¢« GSM in the
824 (MHz to 849 MHz frequency band). Fixed offsets that apply when relative asses
are conducted are not included in the uncertainty. Also, fi - :
frequency and operating mode (e.g. offsets due to calibration unced{ainty ang’modulation)
are potincluded.

b) Table K.2 is the uncertainty budget for the systéem~chex : . This

All uncgrtainty contributions should s way, using sfatistical
techniqies presented in Clause 7, w of the procedures|used in
the evaluations of uncertainty con'but S om those reported |in this
Internatjonal Standard, should be included i

K.2.2 Probe calibration

The progbe calibration in AR systems is evaluated in a similar wal to the
probe chlibration uncefrtaj i rexB. If the fast SAR method uses ong¢ probe,
then the same method desSc i ex B should be used, where appropriate. If [the fast
SAR method u%}v v¢“method of Annex B should be applied ¢ver the
number|of sensorsUs ere appropriate. The system calibration ungertainty

should he documented - eMo the calibration method applied.

The pro time is an estimate for the change in calibration valugs of the
system krat val within a specific calibration laboratory, and is based on
the calipfation h| of\ the system. It is determined by Type A evaluation (7.1[2). For

d : i boratory may have a specific system that it uses for redqular re-
calibration. | i e calibration drift should be defined as the standard deviatign of the

re-calibrations; relative to the mean value. It is recommended that the system calibration
measurenments that are used to determine this uncertamty are made over a period that is
longer | during

calibration. Th|s ensures that the callbratlon drlft uncertalnty mcludes varlatlons due to the re-
calibration of this equipment. Where a calibration history is not available, the manufacturer’s
estimate for the stability of the system over the calibration interval should be used. If the
calibration drift uncertainty is not available, the full calibration uncertainty should be used
instead.

K.2.3 Isotropy

Probe isotropy uncertainty described in 7.2.2.2 is applicable to probes that can be positioned
in a range of angles with respect to the phantom shell according to the specifications of Table
1 and Table 2. If the probes of the fast SAR measurement system are positioned in a similar
way, then the probe isotropy uncertainty procedure described in 7.2.2.2 should be used,
where appropriate. If the probe angles with respect to the phantom shell do not comply with
the probe angles specified in Table 1 and Table 2, then additional uncertainty evaluation may
be needed. If the probe angles are limited to a narrower range, the isotropy uncertainty can
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be performed over that range. The isotropy assessment should be applicable to the
measurement system used.

It is recommended that the dielectric medium of a fast SAR measurement system be isotropic.

K.2.4 Sensor positioning uncertainty

There is some uncertainty of the exact location of the sensor(s) used by the fast SAR method.
If the fast SAR system uses one or more moveable sensors, then the uncertainty is due to
uncertainties in the positioning of the sensors. If the fast SAR system uses one or more fixed
sensors, the uncertainty is due to mechanical uncertainties in the sensor location during
manufacturing. The sensor displacement uncertainty is the root-sum-squared of the x-y-
displacgmentuncertainty and the z-diSptacement UNcertainty as described/ben

For the g-displacement uncertainty, the SAR uncertainty is assessed
exponential SAR decay using the first-order error approximation:

ordingto-amgssumed

SARncertainty [%] =100 x (K.1)

In this fprmula, & is the smallest penetration depth for i ¢ lent material pver the
frequengy range appropriate to the fasf SAR me e at 3 GHz) and ddn is the
maximum deviation of the distance {befv p ¢ phantom surfacd. For a
maximum displacement of 0,25 mm, t % at 3 GHz. The ungertainty
has a rgctangular probability distribution

For the j-y-displacement u

(K.2)
Here, d b centre
of the s by the
system
Fora m ‘ Hz, with
a rectar istribution. \The total sensor displacement uncertainty for both z-displacement

and x-ydi

K.2.5 Sensor location sensitivity

In addition to uncertainties in the locations of the sensors, if the fast SAR method uses
multiple sensors there is also measurement uncertainty due to the positioning of sensors
relative to each other. For example, if the fast SAR method expects a 15 mm spacing of the
sensors in the x-y-direction and the actual spacing differs from this (e.g. 14,5 mm), uncertainty
in the evaluated SAR will result. The sensor location sensitivity uncertainty should be
evaluated numerically by varying the relative positions of the sensors according to the
mechanical uncertainties and comparing the evaluated SAR with the SAR calculated when the
relative positions of the sensors do not deviate from their ideal values. A Monte Carlo analysis
is acceptable, where several simulations are conducted with the sensor locations varied
according to an appropriate statistical distribution (e.g. normal). The evaluation should be
appropriate to the maximum range of frequencies, SAR distributions and relative sensor
positions used by the fast SAR method.
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K.2.6 Mutual sensor coupling

A fast SAR system having more than one probe can have mutual coupling between the probes.
This coupling causes interference that results in measurement uncertainty. The sensor mutual
coupling uncertainty should be evaluated by computing the difference between the single-
point SAR measured using one probe in isolation and the SAR measured by the same probe
surrounded by the other probes as in the fast SAR system. To ensure that potential coupling
between the sensors and the device under test (see K.2.7) is not included, the radiating
source should be kept away from the fast SAR system by a minimum of one quarter of a
wavelength in air. The source and output power should be chosen to ensure that the SAR is
sufficiently above the noise floor for this measurement. Both the fast SAR system and the full
SAR system should use the same phantom shape for this uncertainty analysis.

K.2.7 Sensor coupling with the DUT

In additjon to the coupling described in K.2.6, there can be coupling/be ors and
the dev|ce under test that also causes measurement uncertainty. Brtainty,
several [radiating devices should be assessed, as appropriate f0 i poth the
fast SAR and full SAR systems. The effects of mutual sensqr ¢ i . uced by
evaluating the devices at two different distances to ing the
differenge between them. Specifically, for each i-th devi S to N) the SAR
should be measured both at zero distance to the pha e xdi against the phantom)
and at & distance d for both fast SAR and full SAR( sys £ ; is calculatgd using
absolut¢ SAR values, according to Formula (K.3

ASAR; = [SARgy, (0) — 3 (d)# SARgast, ()] (K.3)
1S tn viation of the ASAR; values |over all
system_and the full SAR system should use the same

| secondary reception

The ungertainty should be
devices|evaluated. Both ¢
phantom shape for thi

K.2.8 Measur:l:e
As with [full SAR nYez
in such|a way as
that is r
lines ca
picked
impedan
arrange
accompli

ast SAR measurement systems should be designed
ise”or offsets in the measurements due to signa| pickup
/ Incident electric fields on high impedance trangmission
ines, causing interference (secondary reception) with thle signal
e080 S). Pull SAR systems, this effect is minimized by keeping the high
alohg \the “probe axis. For fast SAR systems using different| sensor

unity to these secondary signals should be measured. This should be
ihg a single point measurement of one probe of the fast SAR system
using th aligation set-up described in Annex D and comparing the measurgd value
against [thé-value usihg a probe used for a full SAR system. To ensure that potential ¢oupling
between _thé sensors and the device under test (K.2 6 and K.2.7) is not included, the nadiating
source should be kept away from the fast SAR system by a minimum of one quarter of a
wavelength in air.

K.2.9 Deviations in phantom shape

This uncertainty term takes into account measurement variations due to the phantom shape, if
the phantom shape deviates from the standardized phantom described in Annex A. This term
should be determined from the difference between the SAR in the phantom shape used by the
fast SAR method and the SAR in the standardized phantom. It is recommended to perform the
measurements in both phantoms using a full SAR system so as not to include the sensor
coupling with the DUT (K.2.7) in the uncertainty analysis. Different sources and source
positions with respect to the phantom should be applied, as appropriate, to evaluate the
influence of the phantom shape on different SAR distributions.
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Spatial variation in dielectric parameters

The dielectric parameters of the tissue simulating material can vary spatially. The spatial
variation in the dielectric parameters can be assessed on a production sample of the material
by making dielectric parameter measurements at multiple regions (at least 10, including
different locations in x-, y- and z-directions in the volume surrounding the sensor locations) in
a dielectric sample across the frequency range of interest. If the tissue simulating material is
inaccessible to the user, this measurement should be performed by the system manufacturer.
The methods of Annex J can be used to measure the dielectric parameters, if appropriate.
The dielectric measurement methods should be appropriate to the material being tested. The
uncertainty term is calculated from the highest percentage difference in each of the
permittivity and conductivity from the average value, and a rectangular distribution is assumed.

The me
measurq
test con
frequen
are apqp

describg¢d in 7.1.3.

The rel
shown i
for sysf
coefficig

nts of ¢; = 0.

&

asurement uncertainty budget described in Table K.1 is the relative unc rtainiy of the

bd SAR value for one test configuration compared to the me the other
figurations that have been measured using the same fas at tje same
Cy band and modulation. The principles applied to determing terms
licable (with weighting coefficients of ¢; > 0) ¥ 0) are
htive uncertainty budget for the system check™p bthod is
h Table K.2. This uncertainty budget is simifar to the\tep budget
em check (Table 13). The uncertainty t s thal cahvhe neglected have weighting
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K.3 Fast SAR examples

K.3.1 General

Figure K.1 depicts the measured SAR of twelve hypothetical test conditions measured in the
same frequency band and modulation (e.g. GSM900) using a full SAR evaluation and two
different hypothetical fast SAR methods. The numbers are generated using normally-
distributed random variables with fixed standard deviations of 10 for the full SAR
measurements, 5 for "fast SAR 1" and 15 for "fast SAR 2". There are also offsets (e.g. due to
calibration bias, boundary effect) of 20 % for fast SAR 1 and -5 % for fast SAR 2. Each set of

measurements is plotted on the vertical axis against the true SAR on the horizontal axis. The
true SA 2 u— +hn QAD un+h RO rnnAnm nr\lc\r\ OF nffoc+ aArlnA Rnr\dr\m ..nml-nuﬂy ean come

\=ava-a~,

from seYVeral sources, as explained earlier. Offsets can arise from sourg ibration
bias. This example is for illustrative purposes. A particular fast SAR give the
SAR regults represented by either data series in Figure K.1.

It is objserved that fast SAR 1 does a better job than fast SA in\i i the test
configuration with the highest SAR, even though there is are i in [the fast
SAR 1 measurements. Since the absolute values of fast S ant, the
fast SAR measurement method having the lowest rel } pjive the
best reqults in finding the highest SAR test condition’s. Fqr this ek sed are
assumef to be fixed offsets for a given frequenc erati . - words,
the offspts do not vary from one meagsuremen{( to\a ithimtihe same set of fast SAR

tests. If| the offset varies from one d to be

uncertainty rather than an offset.

1,4

PN\

A ¢ Full SAR

N w42
A O Fast SAR 1
O KA
o 0% A Fast SAR 2

@SAR
Y /
</
g1
A

True SAR IEC

NOTE The purpoese
particular[methods.

s figure is to illustrate a basic concept of fast SAR systems. It does not reprgsent any

Figure K-1+—SAR-valuesfortwelve-hypothetical- test-configurations-measured-n the
same frequency band and modulation (e.g. GSM 900 MHz) using a hypothetical full SAR
(full SAR) and two fast SAR (fast SAR 1 and fast SAR 2) evaluations

It is also observed that the fast SAR methods do not do a perfect job in identifying the test
configuration of the DUT having the highest SAR, due to measurement uncertainty. The goal
of a fast SAR measurement system is therefore not to replicate the SAR results of the full
SAR measurement system, but to find the test configurations of the DUT having the highest
true SAR values. The true SAR values are never known in practice, as all measurement
systems have uncertainty. Techniques to lower the measurement uncertainty include
performing repeat measurements and reproducing the measurements on a different system of
the same type.

The test configuration of the DUT having the highest true SAR is the rightmost one in
Figure K.1 (the 12th). The fast SAR 1 method identified the 12th, and fast SAR 2 identified the
8th as having the highest SAR. This explains why it is insufficient to measure on the full SAR
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system only the highest SAR test configuration identified by the fast SAR method. To have
95 % confidence that the highest SAR test configuration has been measured by the full SAR
method, it is necessary to perform the steps in 6.6.2.

Following the steps in the fast SAR measurement procedure A in 6.6.2 for the example of
Figure K.1, full SAR measurements should be performed on two test configurations if fast
SAR 1 method was used, and six full SAR measurements should be performed if fast SAR 2
method was used, as explained in more detail below. This further illustrates the advantage of
having a fast SAR method with a low measurement uncertainty.

K.3.2 Example 1: Tests for one frequency band and mode

K.3.2 provides anm exampie using the data of Figure KT for the fast SAR r metod._The steps
of the procedure of 6.6.2 are followed below. This example illustrates the case qf aWireless
device having only one frequency band and one transmit mode afd where thexfast SAR
method|uses the same hardware as the full SAR system. The SAR values reported >ere are
1 g avefage values, with the applicable SAR limit of 1,6 W/kg applied.\T here “ate twélve test
configurfations. An example of what would create twelve test copdi i ing af both sides
of the hpad (left and right) in both tilt and cheek positions fg ree different
battery fypes.

a) Uselthe fast SAR method to perform measureme ons.
NOTE Table K.3 shows the results of the fast SAR ed at the
middlle channel (whose frequency is closes the ce

Table K.3 — Measurements conducted.aecord
Test configuration SARa g ( TN \ SARg,y,
number /N-d channel \ \Io\cheh\qe\}\/ middle channel high cHannel
< mefo >
0,565 )

b) For each of the N frequency bands and modulations evaluated in Step a), find the test
configuration having the highest SAR value measured by the fast SAR technique, denoted
SAR hax fast; (I =1 to N). Use the full SAR method (according to the procedure in 6.4) to
measure each of the N test configurations identified in this step, denoted SAR max fulli-
Select the maximum value among the N test configurations, SAR 4y ru11 = MaX(SARqax fulli)-

NOTE In this example there is only N = 1 frequency band and modulation and SAR .. .4 = 1,403 W/kg. This
value is shown in bold in Table K.4. The same test configuration is then measured using the full SAR method,
and a value of SARmax,fuII‘l =1,22W/kg is found, as shown in Table K.4. Since N=1,
SAR = SAR =1,22 W/kg.

max,full ~ max,full
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Table K.4 — Measurements conducted according to Step b)

C 2016

Test configuration SARa ¢ SAR;
number mid channel low channel middle channel high channel
1 0,570
2 0,565
3 0,958
4 1,403 1,22
5 0,470
6 0,978
7 0,789
8 1,320 (
9 0,586 A
10 0,593 /\
11 1,125 \
12 0,915 < X N
c) From the N groups of frequency bands and modula , choos¢ the i-th
one|corresponding to SAR . sy iN Step b). For the full SAR|method
(acdording to the procedure in 6.4) to measureg iurations (j =[1 to M,
where M is the number of test configura group) if the condition of
Formula (10) is met.
NOTE Ap discussed in K.3.1, it is assumed tha d i is Ugg = 5 % (k =|1). Using
Formula (1), with U,_, = 5 %, By, is calculatgd as 1,008 ormula (10) With N = 1, Bg, y/Bras -1 ~0800
and from| Table K.5, SAR,, = 1,403 W/kg. 6ns where SAR; .= 1,403 W/kg 0,890 =
1,249 W/Kg should be measured’wi are only two test configurations which spatisfy this
condition| as shown in bold in est Sopditions has already been measured using the full
SAR method (shown in Tabl Ies only gne full SAR measurement, shown in Table K.5 below.

Tgblse

Test ponfigurati < SAMSU\ SARg,
number A \Lqid\\hanneb low channel middle channel high cHannel
Sos70—"
2 \ N \oges
NN AT
j\\ \ 1,403 1,220
5 ) 0,470
6 0,978
7 0,789
8 1,320 0,820
9 0,586
10 0,593
11 1,125
12 0,915

d) From the full SAR measurements that were measured in Step c), denoted SARy; ;,

choose the highest value, SARpignest fuil =

max(SARfu”l])

SARpighest full = Max(1,220 W/kg, 0,820 W/kg) = 1,220 W/kg.
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e)

f)

g)

h)

For each i-th group of frequency bands and modulations (i = 1 to N) that has not been
evaluated according to Step c), use the threshold of Formula (12) to determine if Step ¢)
is needed.

This step is not needed for the case where N = 1.

Use the full SAR method to measure any other test configurations that have not been
tested by the fast SAR method in Step a) and are not excluded from testing by this
Standard (e.g. by the test reduction procedures in 6.7) or by applicable national
regulations. This includes ensuring that the requirements of 6.3, Step 2) be met regarding
the testing of all required frequencies across the applicable frequency band using the
procedure of 6.6.3.

Identify all test configurations where fast SAR measurements were made at the channel
thatris—etosestto of-the—transmit-frequentc =—testing—acioss the
applicable frequency band has not been conducted.

NOTHE These are all 12 test configurations of Table K.3.

Group all of the test configurations found in Step 1) toge gquency
band or modulation, and sort them in descending ¢ the ratio
R;, =|SAR¢ tr | SAR|imit (Where SAR;,;t is the applicable SAR i uration).
NOTE The applicable SAR limit is SAR, .. = 1,6 W/kg for all R i he sgrted list is[shown in

Tablgq K.6 below.

Table K.6 — Measurements condu

N

Test SAR; tast Ry C \ N )\/ SARun
configluration k mi \_/ middle Righ

nurber mid channel ch i low channel channel chpnnel

1,403 1 [Oedn 1,22

1 320< m\ \Q,}zi > 0,820

o
©
)
o
=}
w
N
o

470 12 0,294

U‘II\)/\(DO\IMWW_\UJJ}
7
Dl
o
\/
)
o
w
s

i)

Perform full SAR measurements (according to the procedure in 6.4.2) on each test
configuration identified in Step 2) in the sequence £ = 1, 2, 3, etc. (unless this
measurement has been conducted already) when the 4-th configuration to be measured
meets the condition of Formula (K.4).

SARjiy ——
SARgst, = Rin % % X (Bfast —\Brast” —1 ] (K.4)

where

Rin is the minimum of all available fast SAR and corresponding full SAR measurement
results ratios R, = min{SAR, ast / SARy fy§» @Nd Bgagy = 1/[1 — (1,64 max(Usygt;)2]. In other

words, B, is the smallest of the By, values in Formula (11) over all considered
frequency bands (i.e. the one with the highest uncertainty Ug,gy;).
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From the available data, R, = min(1,403/1,22, 1,320/0,820) = 1,15. Full SAR measurements
should be performed on all k test configurations where
SARg 61, 2 1,15 Wikg x (1,6 / 2) x (0,890 W/kg) = 0,819 W/kg. This corresponds to k=1 to 6.
The full SAR measurements are already performed for k=1 and k= 2. Four additional full
SAR measurements are needed, as shown in Table K.7.

Table K.7 — Measurements conducted according to 6.4.2, Step 3)

Test confi ti SARk’faSt W

guration k -

number mid channel low channel cm;dndr::l high channel
4 1.403 1 1.220
8 1,320 2 0,8/24
11 1,125 3 A& (
6 0,978 4 \o.%\7
3 0,958 5 NOQ\ S
12 0,915 6 AN @&}0 \
7 0,789 7 \\)
10 0,593 8 / A~ X
9 0,586 9 /\\) A
1 AT I 1V
2 0,565 11 NN
5 0,470 /T R

j) For]all test configurations v A [ 3 dB of the applicable SAR]|limit in
Step 3), measure 8 requined test frequencies in 6.2.5. Eithdr a fast
SAHR method or the g aSed for this purpose.

There are only '@ {Renr > 0,8 W/kg. Therefore, four tests afe to be
performed in this s =1 and k= 2). In this example it is assumed that
the full PAR methodi e$ts. The results are shown in Table K.8.

P2 Sk

{é\blx = Measurements conducted according to 6.4.2, Step 4)
Test cxﬁg}r\% ) S>“{afast A SARg,,
nymber m annel low channel mid channel high channel
4 > 1,403 1 1,140 1,220 1,210
8 1,320 2 0,734 0,820 0,177
11 1,125 3 0,780
6 0,978 4 0,767
3 0,958 5 0,708
12 0,915 6 0,690
7 0,789 7
10 0,593 8
9 0,586 9
1 0,570 10
2 0,565 11
5 0,470 12
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k) If a fast SAR method was used in Substep 4), apply Step e) of 6.6.2 to check if full SAR
measurements are required for those test configurations.

This step does not need to be applied, given that Substep 4) used the full SAR method.

For this example, twelve fast SAR tests and ten full SAR tests were performed. If fast SAR
testing had not been applied, sixteen full SAR tests would have been required (twelve test
configurations plus low and high channels for two of the test configurations).

K.3.3 Example 2: Tests over multiple frequency bands and modes

This example illustrates the case of a W|reless device havmg three frequency bands. Each

frequen
highest
differen
very short time (less than 1 % of the full SAR measurement time)
here are 10 g average values, with the applicable SAR limit of 2
values & i imila
in K.3.2.
configur
is testin
that has
a) Use rations.
The y bands
and
Table K irement
system it makes
sense {q
Test Band 3
config
numbdr low /}\}J\ \’N{t}\ )ow mid high low mid high
1 0,96( \‘1\046 \K294 0,472 0,535 0,514 0,438 0,498 0,483
2 1956 \{7},\& 0,551 1,041 0,774 0,757 0,449 0,480 0,625
3 \9\,452 \0}9@2 \/@?,654 1,258 1,078 0,630 0,767 0,576 0,499
4 \&@1 0,66\23 0,627 | 0446 0,672 0,427 0,275 0,335 0,245
5 769 N\oves | 0487 | o883 1,252 0,861 0523 | 0,559 ||0,286
6 4,130 /1,519 1,519 0,545 0,717 0,391 0,377 0,321 0,323
7 0,447 0,831 0,881 0,839 0,952 0,976 0,231 0,434 0,431
8 1,063 1,183 1,536 0,669 0,575 0,312 0,459 0,433 0,561

b) For each of the N frequency bands and modulations evaluated in Step a), find the test
configuration having the highest SAR value measured by the fast SAR technique, denoted
SARmax fasti (i =1 to N). Use the full SAR method (according to the procedure in 6.4.2) to
measure each of the N test configurations identified in this step, denoted SAR
Select the maximum value among the N test configurations, SAR = max(S4R

max,fulli-

max,full =~ max,fulli)'

There are N=3 frequency bands. The highest SAR configurations for the N = 3 frequency
bands are SAR 4y tast1 = 1,936 W/Kg, SAR a4 fast2 = 1,258 W/kg and SARmaX fast3 = 0,767 W/kg,
as shown in Table K.10. The measured values of SARmax fun; fori =1, 2 and 3 are shown in
Table KA1, SAR 5y sy = Max(1,662 W/kg, 1,530 W/kg, 0, 815 W/kg) = 1,662 W/kg.
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Table K.10 — Fast SAR measurements showing
highest SAR value according to Step b)

Test Band 1 Band 2 Band 3

config,

number low mid high low mid high low mid high
1 0,961 | 1,046 | 1,294 | 0472 | 0535 | 0514 | 0438 | 0498 | 0,483
2 0,956 | 0,752 | 0,551 1,041 0774 | 0757 | 0449 | o048 | o625
3 0,452 | 0962 | 0654 | 1,258 | 1,078 | 0630 | 0767 | 0576 | 0,499
4 0821 | 0662 | 0627 | 0446 | 0672 | 0427 | 0275 | 0335 | 0,245
5 0,751 | 0704 | 0487 | 0883 | 1252 | 0,861 0,523 | 0,559 | 0,286
6 1,130 | 1,519 | 1,519 | 0,545 | 0,717 | 0,391 0,377(9 0821 0,323
7 0447 | 0831 | o881 | 0830 | 0952 | o976 | 0281 [aasd\]]0.431
8 1,063 1,18 153 | o6 | 0575 | 0312 [{oded | No4ds [V o.561

Table K.11 — Full SAR measurements conduc@or&t&)

N
Test Band 1 Ban Band 3
numbdr low mid high low /\mid 57 hll\gh mid High

1 N

2

3 0,815

4

s >

6 N

7

8
Fron cy bands and modulations defined in Step a), choose€ the i-th
one ing Rmax.farr 1N Step b). For this i-th group, use the full SAR|method
(acqordi & in 6.4.2) to measure all other test configurations (j ={1 to M,
whe i \ of test configurations in the i-th group) if the condition of
Forn i
SARfax. &1 =1 group. Using Formula (11), with Ug,gs = 10 %, By, is callculated
as |1,027'6 6m Formula (10), Bpg -y B’ —1=0791 . From Table[ K.10,

SAR b N faatq = 1,536 W/kg, SO all test configurations where
SAR¢aet; = 1,536 W/kg x 0,791 = 1,215 W/kg should be measured with the full SAR method.
There are only four test configurations which satisfy this condition, as shown in bold in
Table K.12. This step therefore involves three full SAR measurements, shown in bold in
Table K.13 below.
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Table K.12 — Fast SAR measurements showing values
according-to requirements in Step c)

Test Band 1 Band 2 Band 3
config,
number low mid high low mid high low mid high
1 0,961 1,046 1,294 0,472 0,535 0,514 0,438 0,498 0,483
2 0,956 0,752 0,551 1,041 0,774 0,757 0,449 0,480 0,625
3 0,452 0,962 0,654 1,258 1,078 0,630 0,767 0,576 0,499
4 0,821 0,662 0,627 0,446 0,672 0,427 0,275 0,335 0,245
5 0,751 0,704 0,487 0,883 1,252 0,861 0,523 0,559 0,286
—
6 1,130 1,519 1,519 0,545 0,717 0,391 0,377( 0\,3%1 0,323
7 0,447 0,831 0,881 0,839 0,952 0,976 0, 310 (e84 0,431
8 1,063 1,18 153 | o6 | 0575 | 0312 [{oded | No4ds [V o.561
Table K.13 — Full SAR measurements conduc@&y)
Test Band 1 Band2 Band 3
config, )*/ \
numbeér low mid high low nﬁd [7 high mid high
7\ N
1 1,611 D\ ()
z K
3 530 0,815
4 (N
5 N >
6 N
7
8 A4
d) Fron ; that have been measured so far, denoted §4Rg; ;,
chogse th 2 ARRghest,full = max(SARfu”i,j):
SAR; 1,535 W/kg, 1,573 W/kg, 1,662 W/kg, 1,530 W/kg,
0,81
e) For of frequency bands and modulations (i =1 to N) that has not been
evaluated-according to Step c), use the threshold of Formula (13) to determine if|Step c)
is nrfeded.
Fro Formula (13) with  Uefey=10% and  Ug =15 %, B=1,0958 and

Brast —\ Brast> —1=0648 . For i=2, SARmax fuliz = 1,530 W/kg.  This is higher than

SARnighest, fu,,[Bfast —Brast® —1 j = 1662 W/kg x 0,648 =1077 W/kg . Therefore, Step c¢) should be

repeated for i=2. However, for i=3, SAR; ., ;3 =0,815 W/kg which is less than

1,077 W/kg. So Step c) is not needed for i = 3

For i = 2, all test configurations where S4R¢,q, ;> 1,258 W/kg x 0,791 = 0,995 W/kg should
be tested with the full SAR system (shown in bold in Table K.14). Therefore, three

additional full SAR tests are needed, with the results shown in Table K.15.
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Table K.14 — Fast SAR measurements showing values according
to requirements in Step e)

Test Band 1 Band 2 Band 3

config,

number low mid high low mid high low mid high
1 0,961 | 1,046 | 1,294 | 0472 | 0535 | 0514 | 0438 | 0498 | 0,483
2 0,956 | 0,752 | 0551 | 1,041 | 0774 | 0757 | 0449 | o048 | 0625
3 0452 | 0962 | 0654 | 1,258 | 1,078 | 0630 | 0767 | 0576 | 0,499
4 0821 | 0662 | 0627 | 0446 | 0672 | 0427 | 0275 | 0335 | 0,245
5 0,751 | 0704 | 0487 | 0883 | 1,252 | 0,861 0,523 | 0,559 | 0,286
6 1,130 | 1,519 | 1,519 | 0,545 | 0,717 | 0,391 0,377(9 0821 0,323
7 0447 | 0831 | o881 | 0830 | 0952 | o976 | 0281 [aasd\]]0.431
8 1,063 1,18 153 | o669 | 0575 | 0312 [{oded | haese [Yo.561

Table K.15 — Full SAR measurements conduc@&&)

Test Band 1 Ban)i{ Band 3

config,
numbd low mid high low nﬁd [7 high mid high
OO

-

1 1,611

[N

ALK )
| 530\ \1,20% 0,815

1342
A3 | W73 i

b
e
2

f) Use ot been
testd
This| nducted.
In this @xa with full
SAR mg

For this|example, nine full SAR tests were performed. If fast SAR testing had not been|applied,
24 full SARtests would have been requiredfor the centre frequency alone With low and high
channel testing requirements of 6.2.5, additional full SAR tests would also have been required
if fast SAR had not been applied.

K.3.4 Example 3: Tests for one frequency band and mode (Procedure B)

Subclause K.3.4 provides an example using the data of Figure K.1 for the "fast SAR 1"
method. The steps of the procedure of 6.6.4 are followed below. This example illustrates the
case of a wireless device having only one frequency band and one transmit mode, and where
the fast SAR method uses the same hardware as the full SAR system. The SAR values
reported here are 1 g average values, with the applicable SAR limit of 1,6 W/kg applied.
There are twelve test configurations. An example of what would create twelve test conditions
is testing at both sides of the head (left and right) in both tilt and cheek positions for a device
that has three different battery types.

a) Use the fast SAR method to perform measurements required in 6.4.2 on all available test
configurations, unless they are excluded from testing by this Standard or by applicable
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national regulations. This includes ensuring that the requirements of 6.3, Step 2) are met
regarding testing of all required frequencies across the applicable frequency band using
the procedure of 6.6.3. The test configurations should be grouped separately per the N
different frequency bands and modulations evaluated.

Table K.16 shows the results of the fast SAR measurements.

Table K.16 — Measurements conducted according to Step a)

e SARfast
Test condition
number low channel middle channel high channel
1 0,570
Z U,009
3 0,901 0,958 N oab
4 1,395 1,403 N\ \\365\
5 0,470
6 0,950 0,978 \ \ 0/548
7 N\ E
8 1,280 3N N 1,200
9 ( 586
T O\S/T AN
11 0,98{ < h C K1,1\2\5) )\/ 1,090
12 0,892 "\ a5/ 0,899
b) For|each of the N fregu % evaluated in Step a), find [the test
confliguration having ff AR\val aasdred by the fast SAR technique, denoted
as J4Rmax fasti (0 = [ Q- SAR method (according to the procedure in 6.4.2)
to measure each of the N te s i identified in this step, denoted as SARmax full;-

st configurations, SAR 4y sy = Max(SAR oy suni)-

and modulation and SAR .y fast1 = 1,403 W/kg. This
” The same test configuration is measured using the
max.fulll = 1,22 W/kg was found, as shown in
1,22 W/kg.

max,full1 =

Seldct the m@u \
Thete is only\y'=A4
valu
full

Tabl = SAR
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Table K.17 — Measurements conducted according to Step b)

IEC 62209-1:2016 © IEC 2016

Test SARg, o SAR )
c:::‘ltt)l:rn low channel chiadndr:e9I high channel | low channel cr;:iadndrilgl high channel
1 0,570
2 0,565
3 0,901 0,958 0,945
4 1,395 1,403 1,360 1,22
5 0,470
6 0,950 0,978 0,948 /
7 0,789 N
8 1,280 1,320 1,200 2NN
9 0,586 \ v
10 0,593 NN\
11 0,980 1,125 1,090 < \ \‘ \
12 0,892 0,915 0,899 N \
\)

c) For pll of the N groups of frequency ined in Step a), use the full
SAR method (according to the preCedure Il other test configurations
{i,j}|j = 1 to M, where M is the nu ARMest configurations in the i-th gfroup) at
the tghannel giving highest fast SAR of Formula (15) is met.|Bs,qy; iS
calcplated according to Formula ormula (11) is the measphrement
uncIrta!nty of the fast S ding Ao 7.4, corresponding to the gtandard
uncertainty (k = 1) from the u able 14.

It is ncertainty is Up,et =5 % (k=1)} Using
Forn dlculated as 1,006 8. From Formula (15),
B S in the beginning of this subclause,
the 1,6 W/kg, so all test -configurations| where
SAR{ /kg should be measured with the full SAR method.
Thet which satisfy this condition, as shown in below.[ So this
step|i asurement, shown in Table K.18 below.
1&\ easurements conducted according to Step c)

cortifon, S
numHber. IoWnel chladndr::I high channel | low channel chLdnan:I high channel

1 8;576

2 0,565

3 0,901 0,958 0,945

4 1,395 1,403 1,360 1,22

5 0,470

6 0,950 0,978 0,948

7 0,789

8 1,280 1,320 1,200

9 0,586

10 0,593

11 0,980 1,125 1,090

12 0,892 0,915 0,899
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d) For all the full SAR measurements conducted in Steps b) and c), calculate and record R;;

according to Formula (16). For any R, ; 2 Up,gy;, perform full SAR measurements for the
other test condition in that frequency band and modulation {i}, provided the following is
observed: the test channel for each test condition should be the channel having the
highest fast SAR result for that test condition (the test channel may differ for each
condition). The fast SAR result should be remeasured with full SAR, unless a full SAR
measurement has already been performed in a previous step. Note that some test
conditions may only have one fast SAR result available, which should be interpreted as

the highest result.

In this example Ry, is 0,15 (15 %), which is higher than fast SAR uncertainty 5 %.
Therefore, full SAR measurements are required for all other test configurations on the
channel having the highest fast SAR result. See Table K.19 for measurement results.

Table K.19 — Measurements conducted according to<5\§p e)

Test SAR, o éAk\'”
condifion low middle high channel low iddle mgh R
numper channel channel 9 channel chaahel hanhel

0,570 (\\ (kg@\ 0,03

RN

2 0,565 \\05\§ 0,03

3 0,901 0,958 0,945 ~ Xo708) 0,35

4 1,395 1,403 1360\~ /L /< 1,22 0,15

5 0,470 (\\ 6 ( ) ‘\/),450 0,04

6 0,950 0,978 0948, 0,767 0,28

7 0,789 / 0,763 0,03

8 1,280 1,320 (. 200NN\ 0,820 0,61

9 N A 0,569 0,03

1 [ \j 0,578 0,03

11 17890 0,780 0,44

13 .88 09 o899 0,690 0,32
e) For ; \}@measurements conducted in Steps b) to d) wherg S4Rg
is withi icable SAR limit, perform full SAR measurements |for the
remaini red. hannels in 6.2.5 for the frequency band/modulation and test
posifi i . In addition, for all remaining test configurationg where
R; i T Bast; 8 Reuil 5 Within 3 dB of the applicable SAR limit, measure the SAR|at all of
the requi harfnels using either a fast SAR or full SAR method. If fast SAR|method
is u and d) shall be repeated for the new fast SAR value(s) to ensure all

necefssary full SAR measurements are conducted.

New R values are calculated for full SAR measurements conducted in Step d). In two cases
middle channel S4R;,, > 0,8 W/kg and R, ; > 0,05. Therefore, new full SAR measurements are

needed for the additional channels. See 'i!able K.20.
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Table K.20 — Measurements conducted according to Step f)

Test SAR, o4 SARg,,
condition low middle high low middle high R
number channel channel channel channel channel channel
1 0,570 0,553 0,03
2 0,565 0,548 0,03
3 0,901 0,958 0,945 0,708 0,35
4 1,395 1,403 1,360 1,14 1,22 1,21 0,15
5 0,470 0,450 0,04
6 0,950 0,978 07948 0,767 7 0,28
7 0,789 0763, | 0,03
8 1,280 1,320 1,200 0,734 0850\ |\ Owz7 0,61
9 0,586 0,569 \ 0,03
1q 0,593 L 0.578)¢ ) 0,03
11 0,980 1,125 1,090 < \Qw\‘ 0,44
12 0,892 0,915 0,899 TN 0,32
f) From the full SAR measurements hat hayé be in Steps b), c), d) and e)
denpted as SARy;;, choose th€ ‘full = Max(SARy; ;) which
inclydes all test conﬁgurahons in th ifferent frequency bands and
modulations evaluated.
For this testing
had nof been applled ve test
configunations plus low and
K.3.5 Examp@ B)
This example illu & he SAR
values 1 applied.
The SA R values
reported i ght test
configur itions is
testing a device
that hagt
a) Use|the fast SAR\method to perform measurements required in 6.3 on all availgble test
configurations™~upless they are excluded from testing by this Standard or by apgplicable
natipnalregulations. This includes ensuring that the requirements of 6.3, Step 2) [are met

regarding tesfing of all required frequencies across the applicable frequency bands using
the procedure of 6.6.3. The test configurations should be grouped separately per the N
different frequency bands and modulations evaluated.

Table K.21 shows the results of the fast SAR measurements.
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Table K.21 — Fast SAR measurements conducted according to Step a)

Test Band 1 Band 2 Band 3

condition

number low mid high low mid high low mid high
1 0,961 1,046 1,294 - 0,535 -
2 - 0,752 - - 0,774 -
3 - 0,962 - 1,258 1,078 0,499
4 - 0,662 - - 0,672 -
5 - 0,704 - 0,883 1,252 -
6 1,130 1,519 1,519 - 0,717 -
7 - 0,831 - - 0,952 -
8 1,063 1,183 1,536 - 0,575 -

b) Forleach of the N frequency bands and modulations evatuate ind [the test
confliguration having the highest SAR value measured bythe fast i denoted
SARax fasti (i =1 to N). Use the full SAR method (ac [ rocgdure in 6.4.2) to
meagsure each of the N test configurations identified\ i max fulli-
Selgct the maximum value among the N test configur ’ hax. fulli)-
There are N = 3 frequency bands. bquency
bands are SARmax fast1 and
SAR b ax fast3 = 0,767 W/kg, as sho maix.full; fOr

i=1 2 and 3 are shown in Ta ax(1,662 W/kg, 1,530 W/kg,

0,815 W/kg) = 1,662 W/kg.
Table K.22 — FulhSAR mea ure%s ycted according to Step b)

Tes Ranh\k “ ~ 9and 2 Band 3

conditjon
numbler low Ln\ﬂd/\ hig\\ I}w\ mid high low mid high

1 IR

. DN

< ] 1,530 0,815

RS

o|~N|lo|la|sr|lw]|N
v
/

1,662

c)

For all of the N groups of frequency bands and modulations defined in Step a), use the full
SAR method (according to the procedure in 6.4.2) to measure all other test configurations
{i,j} G =1 to M, where M is the number of fast SAR test configurations in the i-th group) at
the channel giving highest fast SAR result if the condition of Formula (15) is met. B,y is
calculated according to Formula (11). Uiy in Formula (11) is the measurement
uncertainty of the fast SAR measurements according to 7.4, corresponding to the standard
uncertainty (k = 1) from the uncertainty budget of Table 14.

Using Formula (11), with Us,g = 10 %, Bs,e is calculated as 1,027 6. From Formula (15),

Bfast—\,BfaSt2—1:O,791. As the SAR limit in this example is 2,0 W/kg, all test

configurations where SARg,;; > 2,0 W/kg x 0,791 = 1,682 W/kg should be measured with
the full SAR method. There are no test configurations which satisfy this condition. This
step therefore does not involve full SAR measurements.
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For all the full SAR measurements conducted in Steps b) and c), calculate and record
Formula (16).

R; i for Band 1 is 0,076, for Band 2 is 0,178 and for Band 3 is 0,059.

For any R; ;= Ugygy; » perform full SAR measurements for the other test conditions in that
frequency [ZJand and modulation {i}, provided the following is observed: the test channel for
each test condition should be the channel having the highest fast SAR result for that test
condition (the test channel may differ for each condition). The fast SAR result should be
remeasured with full SAR, unless a full SAR measurement has already been performed in
a previous step. Note that some test conditions may only have one fast SAR result
available, which should be interpreted as the highest result.

R; ; is higher than fast SAR uncertainty 10 % in this example for test result in Band 2. For
ing the
with the

i :
hlghest fast SAR result. Therefore, seven additional full SAR test
results shown in Table K.23.

Table K.23 — Full SAR measurements conducted % in

Tes Band 1 Band 2 \ NUN Band3

conditjon —
numbler low mid high low mid &@h \\M mid high

1 ; 0,758

1530 N7 A ) Posts

ERNTEN

(N
C NGIREE

(N[Ol Bd~]|WOW|IN

N Ny 662 )0,774

e)

as\egs conducted in Steps b) to d) where 4Ry, is

r the frequency band/modulation and test position
Il remaining test configurations where R; . < U},; and
8 _applicable SAR limit, measure the SAR at all oflthe equired
o fast SAR or full SAR method. If fast SAR method s used,
peated for the new fast SAR value(s) to ensure all ngcessary

If Rj;=> Ufast
withjn 3 dB of the

required test «
compination {,;j
SARY i | ithi
test
Steps
full

The (R, ; values nee d to be calculated for Band 2 test configuration numbers 5 and |7, since
these have a middfe channel value higher than 1,0 W/kg (50 % of the SAR limit).

Ry 5|=207178, R, 5 = 0,067 and R, ; = 0,096, therefore only R, 5 is higher than the fast SAR
uncertainty of 10 % in this example. For this test configuration full SAR is required for
other required test channels. Also for test configuration 5 and 7, other required test
channels are required to be measured. For test configuration 5 this is already done with
fast SAR in Step a) showing that the middle channel gives the highest SAR value. For
configuration 7, SAR measurements are needed for the required edge channels. Either
fast or full SAR measurements would be applicable. In this example, full SAR
measurements are conducted. See Table K.24 for full SAR measurements conducted in
Step e).
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Table K.24 — Full SAR measurements conducted according to Step e)

Test Band 1 Band 2 Band 3
condition
number low mid high low mid high low mid high
1 - 0,728
2 - 0,952
3 1,530 1,201 0,973 0,815
4 0,884
5 1,342
6 - 1,573 0,899
7 0,983 1,053 0,895 (
8 1,662 0,774
f) From the full SAR measurements that have been measyred and f)
denopted S4Ry,; ;, choose the highest value, SARpignest ncludes
all fest conflgurat|ons in the i-th group, for all the ds and
modulations evaluated.
The highest SAR value for this example is 1,662. ts were performed. If
fast SAR testing had not been applied, 36 fuII ave been required for the

centre frequency alone. With low and
full SAR tests would also have been reg
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Annex L
(informative)

SAR test reduction supporting information

L.1 General

Annex L provides useful supporting information related to the test reduction procedures
introduced in 6.6.

Clause design,
isy[ Finally,

Clause nditions.
Clause son, the
approad gtermine
which {1 strongly
pliance

testing purposes. urposes

(e.g. pré

L2 T

L.2.1

When IE handsets with extendable antennas.
It was c eér SAR in the head in compdgrison to
the toud ay decrease the separation distance
betweer g ast majority of the latest handset |designs
contain |i 2S. 3_is located at the bottom of the handsef], the tilt
position| will i S5€ [ istance_between the antenna and the head. In addition,
the confribution ead frem RF currents that flow on the surfacg of the
handsef will be e phone is in the tilt position, again becausg of the

increas¢d separation

e in the

The hypothesis for this study was that there is a very low probability that the SAR value in the
tilt position could exceed the SAR in the cheek position by more than a factor of two and,
therefore, the SAR in the tilt position could not exceed the applicable SAR limit and the device
is expected to be compliant with the SAR regulation if the SAR in the cheek position is 3 dB
below the applicable SAR limit.

L.2.2.2 DUT under analysis

The analysis was undertaken with 139 handsets from two handset manufacturers, which were
predominantly 2009 models. The DUTs included handsets with various antenna locations,
device types and multiple operating frequency bands. In most cases, both 1 g and 10 g peak
spatial-average SAR values were measured and therefore the total SAR measurements used
for the analysis were actually larger than the number of handsets of 139. Table L.1 shows the
number of handsets used for the study.
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Table L.1 — The number of handsets used for the statistical study

Manufacturer A Manufacturer B Total
Total 112 27 139
Top antenna 30 14 44
Bottom antenna 82 13 95
Slide (open/closed) 29 (58) 4 (8) 33 (66)
Clam-shdTl Z3 T /
Candy-bg 4

Slide mod

r 60 19 N~ \(9
els have "open" and "closed" positions, and each position may be handl<€:§\}<j{fwce S/pe.

L.2.3
L.2.3.1

Subclay
includin
handset
"Tilt/Chd
and 0,1

O\

Analysis results

Overall analysis results

pek” values for the test devices. deviation values are (

D0 55, respectively.

Figure L.1 — Distribution of "Tilt/Cheek"

0 test measufements
st devices regarglless of
Y1 shows the distribjution of
,521 95

Table L.2 shows the probability that the SAR in the tilt position over the SAR in the cheek
position is higher than certain values (x) analysed by using normal distribution and cumulative
probability analysis based on mean and standard deviation identified with sample data shown
in Figure L.1. While the actual distribution was close to a gamma distribution, the analysis has
been undertaken assuming a normal distribution as this would give an upper bound for the

probabil

ity function and simplify the calculation significantly.
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Table L.2 — Statistical analysis results of P(Tilt/Cheek > x) for various x values

x P(Tilt/Cheek > x)
1,0 6,057 x 1073
1,1 1,208 x 1073
1,2 1,866 x 10
1,3 2,221 x 105
2330 x 10010

The and he SAR
at chee bbability
that the ery low
probability.

L.2.3.2

Table L iffere s 1 gpeak spatial-average SAR
and 10 ‘ R at tilt

is highe

N
[\ O\ P(Tilt/Cheek > x)
X
X § 10 Q%Wge 1 g peak spatial-average
W
™\

1,0 7,603 x 1073

.1 \ \7\,192/“0-4 1,720 x 103
1, \ \x \ \/8,759 x 1078 3,091 x 104

O \\) 7,978 x 10 4,400 x 10°
P.0 \/ 1,110 x 10716 6,428 x 1014

L.2.3.3 Comparison between handsets with bottom antenna and top antenna

Table L.4 is the analysis result to see the differences between handsets with bottom antennas
and with top antennas. It shows that the probability that the SAR at tilt is higher than twice the
SAR at cheek is 5,217 x 10° even for devices with top antennas, which have been
considered previously to introduce higher SAR value at tilt than at cheek with extendable
antennas.
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Table L.4 — Statistical analysis results of P(Tilt/Cheek > x)
for various antenna locations

P(Tilt/ICheek > x)

Bottom antenna Top antenna
1,0 1,718 x 103 3,725 x 102
1,1 2,095 x 104 1,472 x 102
1,2 1,815 x 10 5,062 x 103

1,3 1,112 x 10°® %{wmﬁ
N\

D0 0,0° M&Q

2 Thisl number is below the numerical precision of the computer. < \ >

Table L{5 is the analysis result to see the diffe operating frequency bands. It

shows the probability that the SAR at t#itNs highe at cheek is 3,49 x 1077
even for higher frequency bands.

L.2.3.4 Comparison among frequency bands

w ~—rv
P(Tilt/GHeek > x)

i /BﬁO\MIl% \/» &N@ 1800 MHz 1900 MHz

1,0 7,}38/{1\8\(\/\ \@ 103 6,536 x 1072 1,920 x 102
A

1,1 1%6\\\1&< \),7350 x 104 3,170 x 102 7,076 x 103

1,2 X 2,3 N 6,172 x 1075 1,385 x 1072 2,283 x 103

1,3 N WW 4,180 x 10 5,442 x 1073 6,435 x 10

2,0 WO‘ﬁ 0,000 x 10° 3,492 x 107 1,839 x 1[0-°

L.2.3.5 Comparison among device types

Table L.6 is the analysis result to see the differences among device types. It shows the
probability that the SAR at tilt is higher than twice the SAR at cheek is very low regardless of
device type.
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Table L.6 — Statistical analysis results of P(Tilt/Cheek > x) for various device types

P(Tilt/Cheek > x )

* Bar Clam-shell Slide (open) Slide (closed)
1,0 6,853 x 1073 2,992 x 1078 5,441 x 107 1,771 x 1073
1,1 1,334 x 1073 3,769 x 10710 2,138 x 10 1,739 x 10
1,2 1,982 x 10 2,801 x 10712 4,385 x 1077 1,131 x 10
1,3 2,240 x 105 1,221 x 10714 4,658 x 10 4,844 x 1077
2,0 1,998 x 10715 0,000 x 10° 0,000 x 100 0,000 x 10°

L.2.4 Conclusions

As a result of statistical analysis with the latest handset designs dnd bbability
that the[SAR at tilt is higher than the SAR at cheek is very low b, which
means the SAR at tilt is most likely never higher than the applicabte SAR) Timit i SAR at
cheek is 3 dB lower than the SAR limit. This approach will & nes are
within the applicable SAR limits, but does not ensure that casured.
Therefofe if the main goal is to show compllan : imit, the
requirement for the testing of handsets in the der the
conditions reported in 6.7.3.

L.2.5 Expansion to multi transmigsion 3

The andlysis in this study has used
However the conclusion can also be

with a single transmitting gntenna.
d devices with multiple transmitting

antenngs. The SAR measu i 6 handsets with multiple transmitting
antenngs is based on th¢ i R_distriputions from each transmitting gntenna.
Therefofe, it can be caohclud - S at tilt)even with multiple transmitting antg¢nnas is
not higher than twice |ths e i h€ same antennas, where the SAR at tilt or

cheek ig calculat y g dis |bu jons from multiple transmitting antennas,

L.2.6 ions

When IE 5 eveloped, handsets typically used only one communication
system nication
system 2 bw have
several ¢ tems in use for a given frequency band, e.g. GSM/GPRS,| CDMA,
WCDMA ). Therefore, the amount of testing for each frequency band has

increasg¢d co
test redliction pros

. It is expected that this trend will continue for future handsets unless
dutes can be applied.

Generally, signal modulation will have litile effect on the SAR disiribution it all signals are
transmitted using the same antenna, antenna feed point and matching circuit (see full list of
requirements below). This is also true concerning the currents on the body of the transmitting
device since the same antenna excites the same currents regardless of the signal modulation
used.

It is wusually enough to fully measure one signal modulation mody in all
positions/configurations and the other signal modulations mody, mod,, etc., in the
position/configuration giving highest peak spatial-average SAR result for the signal
modulation mody, if the following parameters are the same for all the transmitted signal
modulations:

e frequency band;
e frequencies of the required test channels;

e antenna radiating element;
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e antenna feed point;

e antenna grounding;

e antenna matching circuitry (if any);

e antenna tuner and tuner settings (if any).

If the design of the phone is not sufficiently known, i.e. it is not known if the above conditions
are met, test reductions cannot be applied and full SAR testing should be conducted for all
signal modulations.

Studies described below [120] provide the rationale for performing the SAR measurement at
the same position/configuration for other signal modulations mody, mod,, etc. as the
positiontl/configuration yielding the maximum peak spatial-average SAR | signal
modulation mody. For example, if the left cheek position yields th ' spatial-
averagq SAR value for GSM transmission, the left cheek position y rate the
highest|peak spatial-average SAR value for other modulations nd LTE
operatirlg within the same frequency band.

sociated
sition to

Minor deviations from this rule can be explained by the m
with tesltmg For instance, a shift in the maximum SAR

the rightt cheek position when the SAR distribution y phone’s
vertical faxis will be dependent on the positioning acq jatio e often seen |n cases
where the SAR levels for both cheek and tilt po \ z (less than 0,4 W/Kg). This

is due {o decreasing sensitivity of the introduces nois¢ to the

measuré¢ment results.

To decrgase the possibility of not obt
a DUT,| a peak spatial-average SAR
procedure (see 6.7.4) of

peak spatial-average SAR yalue of
was included in the test reduction
he maximum peak spatial-average SAR

values Wwere obtained at the cheg i peak spatial-average SAR values$ for the
tilt posifions are at leas y i e SAR limit for the signal modulation mody,
measurg¢ments for_the i not\required for other signal modulations within the

same frequency

The and 181 handset and frequency band combinatigns. The

handset ication systems within the same frequency bapd were
selected li \ facturers. The data consisted of a total of 115 handset and
frequen i perating below 1 GHz and 66 combinations operating above
1 GHz, ) resenting’a total of 181 cases.

The dafa was«divided in“two categories since mobile phones operating below 1 GHz have
higher glectromaguetie fields from RF currents flowing along the chassis of the devige, while
for mob|le{phones operating above 1 GHz, the currents are concentrated close to the gntenna
element—and-—chassis. Based on the current antenna dneign trends in multimodel mobile
phones, the devices were assumed to have bottom antennas (as described in 6.7.3) fulfilling
all the above mentioned conditions. Frequency bands that had at least two different
communication systems were analysed. Each frequency band generally had 2 or 3 different
communication systems. Results for the 850 MHz, 900 MHz, 1 700 MHz, 1 800 MHz,
1 900 MHz and 1 950 MHz frequency bands were analysed

The 1 g or 10 g peak spatial-average SAR results for all test positions (left cheek, left tilt, right
cheek, and right tilt) were collected. The averaging volume was the same for each phone and
frequency band combination.

For each frequency band and communication system, all peak spatial-average SAR values
were divided by the maximum peak spatial-average SAR value found for the GSM mode. The
GSM mode was chosen as the baseline since it was available in all the analysed test cases.
This means that if any relative SAR values for other communication systems (e.g. WCDMA or
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LTE) were above 1, the maximum SAR for that communication system was measured in a
different test condition than for GSM.

In Figure L.2, the x-axis represents all results with the maximum absolute SAR value of each
measurement, and the y-axis represents the SAR value relative to maximum SAR value for
the GSM mode. The results are divided by cheek and tilt position below 1 GHz and above
1 GHz. Figure L.2 at the same time shows that the majority of the results are below 1, i.e. the
maximum SAR was found in same position, for example for LTE, as it was found for GSM.

All phones

N

@ o000 DED™

o

SAR relative to SAR in position
with max. SAR in GSM mode

o

IEC

Fi He

Among the 181 test cases the maximym peak's Hifferent
ystems for only 19 cases. |n all 19

position|than for GSM in one of the other commufncat

cases, the maximum pea i , . vaIu ere less than 0,4 W/kg for bgth GSM
and thg other communicati 5. Qflthe 9 cases, only 3 cases occurred for tilt
positions, with a ratioNess\tha 2 aining 162 cases where the peak|spatial-

averagg SAR values 3 )4 N the maximum SAR test condition was gorrectly
identified based

L.3 T

L.3.1

In the $ ces the
peak sp| f that, a
conside ere is a
criterion will be

lower than{the highest value of peak spatial—average SAR among all test configuratjons. By
extending this conceptto muttisbard—amd—mutt bunfigwdﬁun devices,themeasurement time
can be further reduced by defining a SAR measurement session not limited by the single band
operational mode but extended to all the operational bands and configurations supported by
the device and included in the scope of the present test reduction method. The basic idea is
to avoid performing the zoom scan session for each single test (Step d) in 6.7.4) if the
maximum measured SAR value of the area scan is below a threshold. The threshold is
chosen so that the highest peak spatial-average SAR value will be:

e correctly assessed and not underestimated, especially when it could generate a peak
spatial-average SAR close to the basic restriction limit;

e correctly identified, even if not executing the zoom scan session.

In order to define the value of the threshold satisfying the first requirement, the peak spatial-
average SAR from the zoom scan measurement has been correlated to the maximum
measured SAR value found in the corresponding area scan [140]. It was observed that if the
maximum measured SAR value in the area scan is lower than a threshold, then the basic limit
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for the peak spatial-average SAR is never exceeded; in particular there was a good
correlation between the maximum measured SAR of the area scan and the peak spatial-
average SAR over 1 g. In [140] choosing a threshold of 1,3 W/kg (80 % of basic 1 g limit of
1,6 W/kg) gives a high probability that the limit for the peak spatial-average SAR is never
exceeded. The same threshold can be used also for the evaluation of the peak spatial-
average SAR over 10 g.

The following statistical analysis has been performed to address the question of correct
identification of the highest peak spatial average SAR [46].

L.3.2 Statistical analysis

The sz anaty presented ere ONsSiae andse operating _—Jin  the
GSM 9Q0 / DCS 1800 and UMTS | bands. The area scan grid spacing pagameter: d in this
analysigd were both (x and y) set to 10 mm, so they fit the requirément§ reported in this
Internatjonal Standard, and area scans were performed at a fixed spevified\distance (4 mm
spacing|between sensors and SAM surface in this case) from thex<SAM i

Since th cause it
could be¢ located (in x and y) inside a square region having KL it i nded to
first experimentally evaluate the spatial gradient in grder™o “esti itude¢ of the

peak SAR value that could be missed in applymg only S . is, 420 SAR
distribufions in the GSM 900 band, 420 distgikuti i nd 300
distribufions in the UMTS | band hav i distributions are relgvant to
mobile phones marketed between 20Q7 ax . viobiles, including clam-shell
and slid [ [ irst step was to identify the "iso-
Ievel" ini istance

Din b€ , S aximum
SAR (S4R i gd with an X in Figure L.3).

SAR (W/kg)
[ 14
10,9
10,8
10,7

10,6
0,5
0,4
0,3

0,2

0,1

IEC

Figure L.3 — Two points identifying the minimum distance between the position
of the interpolated maximum SAR and the points at 0,6 x S4R .,

Figure L.4 below shows the histogram related to the random variable D, in the case of
GSM 900 band and 0,6 x SAR,,,, level. In red a normal probability density function (PDF) has
been fitted to data using a maximum likelihood estimation procedure.
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Figure L.4 — Histogram for D;,, in the case of G andi R ax
Even if Jn some cases data fail the nopr ity test)
and dafa can be more efficiently fit for the
purposg of this analysis only normal sidering
normal PDF, the value D, represents min €SS
than D i, is 5 %.
Table L|{7 summarizes allt d in this
study. In this table the/} ans the

iso-leve] at 0,9 x SAR Ly
* for various iso-level values

min

GSM s@o\ / DCS 1800 UMTS |

Iso-level Nﬂ in\ Iso-level D Iso-level Dl
% < R x\ % mm % mm
96\ \ 4,23 B 90 3,04 90 1,82
8p N7’ 80 4,82 80 453
76 N\_1,86 70 6,19 70 6,110
70 8.90 65 6.92 65 6.81
60 10,96 60 7,54 60 7,48
50 13,15 50 9,06 50 8,88

To summarize the results of this analysis considering, for example, the GSM 900 band, we
can conclude that it is improbable to find SAR values having the value 0,75 x SAR,, if we
consider a distance of 7,86 mm from the S4R,,,, point. In particular the values shown in bold
have D, values higher than 7 mm, which is the value in the middle of the 10 mm chosen
grids. In other words, still considering GSM 900 as an example, it is improbable to miss a
SAR value inside a 10 mm area scan grid that is higher than 0,75 times the maximum SAR
value measured during the area scan.

To conclude the statistical analysis, the correlation between the measured maximum
measured SAR value of the area scan and the peak spatial-average SAR values found after
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zoom scans has been investigated. To do this, a database of 100 mobile phones operating in
the GSM 900 and DCS 1800 bands and 50 handsets operating in the UMTS | band have been
considered.

For each mobile phone the maximum measured SAR value of the area scan, the peak spatial-
average SAR over 1 g and the peak spatial-average SAR over 10 g, as measured after the
complete measurement procedure, were collected. Figure L.5 shows the histogram, as well as
the normal PDF fit for the random variable Factor1g1800, defined as the ratio between the
peak spatial-average SAR for 1 g mass and the maximum measured SAR value of the area
scan in case of DCS 1800 band.

12 I 'I T T T

- - i PR aYaValin N [l
ractur IHIUUU udla
Normal Fit /\(

wn that the 95 % probability is achieved|to find
015]. In this particular case it can be concluded that if
tw different measured peak SAR values (not the intefpolated

In this [particular
Factor1$1800 in ¢
there af 3

one) af

distribulig mMaximum SAR value measured during the area scan will have
the low In this particular case, 0,84 [can be
assume( : If two d|fferent area scans are considered jand the

alues measured for each one differ by a factor lower than the threshold,
o/probability that the area scan with the higher SAR will yield th¢ higher
tlaI ‘average SAR.

Similar conclusions can be obtained analysing the other bands as well as the peak spatial-
average SAR for 10 g mass.

Table L.8 summarizes the overall results.

Table L.8 — Experimental thresholds to have a 95 % probability that the maximum
measured SAR value from the area scan will also have a peak spatial-average SAR

GSM 900

DCS 1800

UMTS |

Threshold 1 g

Threshold 10 g

Threshold 1 g

Threshold 10 g

Threshold 1 g

Threshold 10 g

0,86

0,76

0,84

0,63

0,74

0,62
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In conclusion, the same thresholds found in Table L.7 (75 % for GSM 900, 60 % for DCS 1800
and UMTS |) are sufficient also to determine (with a 95 % probability value) the fact that the
peak spatial-average SAR will be correctly identified even without performing a zoom scan.

L.3.3 Test reduction applicability example

Find below two examples of application of the procedures introduced in 6.7.4. In the first, the
test reduction method is applied to a single operational mode (i.e. GSM 900), while in the
second a dual mode (GSM 900/DCS 1800 and UMTS I) handset is considered.

Tables L.9 and L.10 show the reported SAR values which are the maximum measured SAR
value from the area scan (GSM 900 band).

Table L.9 — SAR values from the area scan (GSM 90

Frequency Position Q\N\WP

Middle Cheek left \ \\\ \ 1,3

Middle Tilt left 3L 0N 06

Middle Cheek right/ . \ 1,5

Middle Tilt righ.\ \ } / 0,8

Lower Che%‘&gh> / ( \ . > 1,0

Higher a@\e‘{\right\ \ ) 1,3

For bold|lrows, according to the proposed test ction procedurena zoom scan is not required.
Since this example relates\{o , : irst [position
S i i R value

(cheek left, middle uplj
is 1,3 W/kg (80 %,.of 1.6

zoom sgan is nc@ ~
new abpolute pe A

perform

, so the
and the
heed to
widdle frequency) and cheek right (lower frequency),

while it e last zoom scan (cheek right, higher frequency).
Below 4 5 esented. For this particular example, the GSM 900 |band is
tested H R 3 UMTS I, but in general the order in which the bands ar¢ tested
may be |ch

In this $ xampte, the procedure applied in GSM 900 is repeated considering all the
other teists/and previous APS found. For each band the user should choose an appropriate

threshold+{see—Fable4)—Forthefirstmeasurementina—different band—the—userwil-use, for
the comparison with the maximum measured peak SAR value from the area scan, the
previous APS found and the threshold related to the new band. As an example, the first area
scan measurement of DCS 1800 has a peak maximum SAR value of 0,9 W/kg that is equal to
60 % (the threshold of DCS 1800) of 1,5 W/kg (the previous APS), so in this case zoom scan

is needed.

As can be seen in this example, nine measurements (50 %) do not require a zoom scan to be
performed (bold rows in the table). The number of zoom scans that can be avoided depends
on maximum measured peak SAR values from the area scans.
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Table L.10 — SAR values from the area scan (GSM 900 band)

Frequency Position Maximum SAR value
W/kg

Middle (GSM 900) Cheek left 1,3
Middle (GSM 900) Tilt left 0,6
Middle (GSM 900) Cheek right 1,5
Middle (GSM 900) Tilt right 0,8
Lower (GSM 900) Cheek right 1,0
Higher (GSM 900) Cheek right 1,3
Middle (DCS 1800) Cheek left N
Middle (DCS 1800) Tilt left /\< N (06,
Middle (DCS 1800) Cheek right AN B
Middle (DCS 1800) Tilt right \ \{7\
Lower (DCS 1800) Cheek right N AR
Higher (DCS 1800) Cheek right \ \ \ >),8

Middle (UMTS 1) Cheek left / \ 1.1
Middle (UMTS I) Tilt left, \ ) / /\ 0,7

Middle (UMTS 1) Che;k\&ghﬁ ( ( 3 . > 1,4
Middle (UMTS 1) \i\lt 'ght\ \ ) 0,6
Lower (UMTS 1) /kChe&\rht{t 1,2

Higher (UMTS 1) \ heek ri\QtQ > 1,4

L4 ( for the high SAR test conditipns
L.4.1

A devic i antenna options, battery options and other accessories,
and theg 9 ations can be very large. Two traditional methods of
experim 3 W. These methods have drawbacks compared to the design of
experim 2 gscribed in L.4.2.

L.4.2 e 5 ions’based on a design of experiments (DOE)

L.4.21

Analysis—of—SAR data;eg—statisticatanatysis based—om—=a—desigmofexperiments (DOE)
approach, may be used to develop scientific or engineering rationales for the test reduction of
certain SAR tests. For example, if devices are available with optional faceplates with paint
coatings of varying metal content, statistical analysis of SAR data may be used to justify
excluding the testing of faceplates with less than a certain amount of metal content. The
application of the test reduction should be limited to products that are sufficiently similar to
the original product for which the test reduction was determined.

L.4.2.2 Search for highest SAR test conditions

A device may operate in different transmission modes and may be usable with several
antenna options, battery options and other accessories, and the number of possible
combinations can be very large. Methods are therefore needed to streamline the
measurement process, so that the highest SAR test conditions can be quickly identified. For
example, a device with two antenna configurations (antenna extended and retracted) and four
battery types testing all possible combinations would result in a considerable number of tests.
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It is unnecessary to test all possible combinations; statistical techniques can be used to show
trends from a smaller set of data and determine which device—accessory combinations result
in higher SAR values. Using a design of experiments (DOE) is the preferred statistical method
of achieving this. A DOE is a structured, organized method for analysing the influence of
factors and the interactions between factors on the output of a process. The DOE approach is
extensively covered in the literature [115].

L.4.2.3 One factor at a time (OFAT) search

With this method, the experimenter starts with a baseline test condition and successively
varies one factor at a time while holding all other factors constant. For example, this could be
achieved by flrst varymg antenna conflguratlons then battery types then carry accessory
types, t
is selec
any inte
the antd
interact

L.4.3

A comnpon source of unstructured data is historical data 2 ollected
without [any specific objective in mind, or it may h ' urposes

than thg current experimental objective. This data t it may
be very |(difficult to have high confidence_in the fi
For this| reason, any findings from the™aq ified (e.g.

using a DOE).
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Annex M
(informative)

Applying the head SAR test procedures

Annex M illustrates an example of how to apply the SAR test protocol in 6.4. A mobile
handset supporting GSM mode in 850/900/1800/1900 MHz bands is used for the illustration.
The device has a sliding keypad, which can be used for voice calls with the slide in open and
closed positions. The test procedures in 6.4.2 are applied according to the following.

The test procedure as given in 6.3 is used as follows for the example device.

Step 1
transmit
at 836,6
and 66
6.2.4.3
with the
use. Th

Step 2
frequen
configur €
other frequency channels required by\6.2°§ f
peak spjtial-average SAR is greater thanor &

Step 3: The SAR measurement results afe sho
spatial-average SAR amgh req

848,8 MHz for GSM 850.

Tabw SKR

ultsitables for example test results — GSM 850

of each
are 190
M 1800,
h.2 and
b tested
or head

n each

sak spatial-average AR test
SAR is also mea

sured at

gbles M.1 to M.4. The highgst peak
ds is 1205 W/kg on channell 251 at

SAR, averaged over 10 g [W/kg]?

Mode and D_e ce Xq;?tom test
confjguratio Les
band ! . sition
(slide position)

Ch. 128° Ch. 190° Ch| 251°
824,2 MHz 836,6 MHz 848|8 MHz
Cheek 0,776 0,653°¢ 0}552
Left
Tilt - 0,492 -
se
Cheek - 0,626 -
Right
Tilt - 0,448 -
GSM
850 >
Cheek 1,011 1,1924¢ 11195
Left
Tt - 0,430 -
open
P ) Cheek 0,892 1,120¢ 1,205f
Right
Tilt - 0,418 -

The regulatory SAR limit is assumed to be 2,0 W/kg averaged over a 10 g tissue volume.

frequency band also require SAR measurement (see Step 2).
frequency band also require SAR measurement (see Step 2).
also require SAR measurement (see Step 2).

configurations (see Step 3).

According to 6.2.5, the number of channels to be tested is N = 3 for all of the modes (see Step 2).
¢ This is the hghest SAR measured for the mid-band channel with slide closed, the two other channels in this

This is the highest SAR measured for the mid-band channel with slide open, the two other channels in this
¢ The measured SAR is within 3 dB of the applicable SAR limit, the two other channels in this frequency band

This is the highest peak spatial-average SAR measured among all GSM frequency bands and test
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Table M.2 — SAR results table for example test results — GSM 900

SAR, averaged over 10 g [W/kg]?
Mode and Device . ier b b b
band configuration Device position Ch. 975 Ch. 38 Ch. 124
880,2 MHz 897,6 MHz 914,8 MHz
Cheek 0,766 0,730° 0,652
Left
Tilt - 0,522 -
closed
Cheek - 0,631 -
Right
Tilt - 0,482 -
GSM
900
Cheek 0,618 0,723 0l833
) Tilt - L oday -
pen
Cheek - \0%20 .
Right
Tilt ARNTEN -
See foofnotes in Table M.1. /\\ \\ \

RN

Table M.3 — SAR results table for exa plj/?st results — GSM 1800
N\ N
Mod d Devi ( @Ay,‘g\ﬁaged over 10 g [W/kg]?
ode gn evice b " .
band configuration h. 512 Ch. 699 Ch| 885

1710,2 MHz 1747,6 MHz 1784,8 MHz
eek - 0,254 -

o\ 2
Ti - 0,230 -
closed < Nf\ 2\

Cheek) 0,336 0,343° 01466
Right
Tilt - 0,215 -
Cheek - 0,154 -
Left
Tilt - 0,162 -
ope
Cheek - 0,174 -
ight
Tilt 0,188 0,1924 0}211

GSM
1800

RO
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Table M.4 — SAR results table for example test results — GSM 1900

SAR, averaged over 10 g [W/kg]?
Mode and Device . ies b b b
band configuration Device position Ch. 512 Ch. 661 Ch. 810
1 850,2 MHz 1 880,0 MHz 1909,8 MHz
Cheek - 0,240 -
Left
Tilt - 0,233 -
closed
Cheek 0,246 0,353°¢ 0,387
Right
Tilt - 0,221 -
GSM
190 V4
Cheek - 858 -
Tilt - 0,178 -
open YA\
Cheek - 7,769 -
Right
Tilt 0,188< \),}\%5‘\ 0301

See foofnotes in Table M.1. <\\ \\ \

&
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Annex N
(informative)

Studies for potential hand effects on head SAR

N.1 Overview

This Standard is developed based on the principle of providing conservative measurement
protocols to assess the head SAR of mobile phone users according to presently available
science. Conservatlveness of the SAM phantom is establlshed by using the 90th percentile
head di a ) J esponds
to well pver 90 % of the user populatlon [89] [88] [139]. The dlelectrl 5 of the
homogeneous tissue-equivalent liquid required for SAR measurement osen to
provide |SAR overestimation when compared to results obtained frgh ulations
using gnatomical models [33]. In addition, a lossless spacer \witk $s of a
compresgsed ear is used on the SAM phantom to represent the g that the
mobile X is not
underegti

In IEC 4 cedures,

i.e. usin ds, had

provide 5, there

have bg hen the

hand is|i AR was

brought 37] and

IEC TC bn head

SAR.

a) Conti effects
on h

b) Rev blder or
han

A third ¢tor to increase the measured head SAR according to

influenc sed within MT 1. However, there was not enoygh data

to estahli ion factor. In addition, the correction factor methiodology

was not d affect the SAR assessment of all mobile phones regardless

of phon hahd influences on the head SAR.

The Nati ! 8§ were asked to vote on the two options, or abstain. The voting

results 1 ptionya) by a majority of 15 to 8. Some National Committees also reguested

continuing’research~e considered for this to avoid delay in the completion of this Sfandard.
Thus, IEC.TC 106/MT 1 will continue to review and analyse contributions for hand effects on
head SAR. If the outcome of additional studies leads to a decision to modify the current test
protocol, future revisions of this International Standard will be amended accordingly.
Following the National Committees voting results for Option a), this Annex N was drafted to
identify the current knowledge on hand effects on head SAR.

N.2 Background

N.2.1 General

IEC TC 106/MT 1 took action to address questions raised regarding hand effects on head
SAR. Two high-priority large scale studies were initiated:

e hand effect measurement interlab (HEMI) study by six participating laboratories;
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e computational study by six participating laboratories on SAM conservativeness using
different hand phantoms.

Final results and conclusions for these studies [6], [23], [24] were presented in multiple
IEC TC 106/MT 1 face to face meetings. The final report of the investigation on peak spatial-
average SAR sensitivity to hand and finger positions was presented in January 2013 [17].
Besides these studies, results from several other projects conducted outside of
IEC TC 106/MT 1 were also presented at IEC TC 106/MT 1 meetings [137], [85], [31], [32],
[94], [28], [118], [81], [125], [73], [74] or published elsewhere [111], [112], [113], [114], [43],
[44], [95], [96], [92].

Both expenmental and computatlonal studies indicate that SAR varlatlons are dependent on
hand grj s efent, as
well as 1andset operating frequency bands

N.2.2 Hand phantoms

Four homogeneous hand phantoms have been developed for ¢he © Micatl Program
Test Plan [19] to evaluate over-the-air (OTA) performance g tdefined
grips. The physical dimensions of these four hand phantorf i brage of
50th pefcentile hand data for men and women in anthr s ([54],
[142], [1 f ere establishefd based
on stud ahd dry palm dielectric

propertip 2 1s. The average anatomical
characteristi i d in § experimental studies, [e.g. the
HEMI s i ieg

N.3 Summary of experimental s

N.3.1 General
The principal asp 8 e on head SAR are described in N.3.2 anfd N.3.3.
N.3.2 Experimi y compliant SAR measurement systems

The HEMI stud 8 ; d to/ investigate hand effects on head SAR. Thinfty-three
handsets witha s of physical characteristics, marketed between June 2006 and
June 2(Q10, ing iR, GSM 900 MHz and WCDMA 1 950 MHz bands were tested |using a
single har ip“configuration involving 42 total test configurations. Only 6 out
of the 4 g to 40 %
with md i . None of the increases result in measured SAR
above ' maining
WCDMA configurations showed decreases up to 78 %. The observ}d SAR

increasg¢s\\were for phones exhibiting comparatively low SAR, for instance the [highest
increase for 10 g peak spatial-average SAR, including the 40 % increase, was 0,41 W/kg.

N.3.3 Experimental studies using other SAR measurement systems

The data collected in [30] using a fast SAR measurement system not fully compliant with all
requirements of this Standard have showed both increase and decrease in SAR when tested
with a realistic hand phantom for 46 mobile phones in the 1 800 MHz frequency band, where
SAR decreases outnumber SAR increases by a ratio of approximately 2 to 1. The results in
[30] and [44] also suggest that SAR increases occur more often at 1 800 MHz and above
when compared to lower frequency bands. In [22] and [94], cases are reported where the
head SAR increase introduced by hand effects can lead to both an unchanged local SAR
distribution or a modified distribution with a shift in peak SAR location. It was also shown that
the SAR is comparable for a handset held by a CTIA hand phantom and a human hand
replicating the same grip [30].
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N.4 Summary of computational studies

Several computational studies have been performed and reviewed by IEC TC 106/MT 1 to
investigate hand effects on head SAR [6], [17], [81] using a number of simplified and detailed
CAD phone models at 900 MHz, 1 800 MHz, and 2 000 MHz. Several adult and child hand
models were used to simulate realistic hand grip conditions for exposures in several realistic
head models. The results were in general consistent with experimental data showing a
considerable prevalence of cases with peak spatial-average SAR decreases due to presence
of the hand and most of the SAR increases were observed at 1 800 MHz and 2 000 MHz.

The computational studies have also provided additional details of certain parameters that
can introduce noticeable influences on head peak spatial-average SAR. One study, [126] and
[127], showed higher SAR increases at frequencies around 1 800 MHz the ppalm of a
hand mpdel was positioned 1 cm to 2 cm above the antenna or peak S ioniIn'{another

study [17] involving parametric search for maximum SAR increase_ i i nd grip
conditio odels
was obd one of
the exp mpliant
with all aximum
increas¢ in head SAR is similar for both 1 g and 10 g peak € A [30].

N.5 Conclusions

The conclusions are as follows.
e The

of th
e Both experimental and

— Head SAR incrg
gtudied frequen

— Most he
y

resence

s at all

Hz and

e effect

e No S more
cons

e For mission
freq le SAR

enha

e Thel|dependency of SAR increase on phone or antenna design cannot be easily predicted.

e There is insufficient data to scientifically justify the implementation of correction factor
proposed by some National Committees.

e |EC TC 106/MT 1 will continue to review and analyse contributions related to hand effects
on head SAR.
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Annex O
(informative)

Quick start guide

0.1 General

To appropriately evaluate the device under test different SAR measurement configurations
are required, to address various exposure conditions and available technologies according to
the requwements of this Standard This Standard contains aII the necessary technical details
to perform are has been
taken tg & intoca |process
flow, to finclude detail and additional supporting information. This quic ) idexqutlines the
high level structure of this Standard to guide the user through the nec X

0.2 Quick start guide high level flow-chart

This gyide supplements the details contalned in this S ~ ofm the fequired
procedy v ined sequence]. A high
level fl which outlipes the
evaluati e j 1 with an

evaluati he full SAR evaluation,
simultarn ." Reporting complefes the
evaluati . S specified in Clause 8.
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Evaluation plan check-list, (see Table O.1)

Preliminary actions

Tissue-equivalent liquid dielectric Uncertainty assesment for dielectric
parameters test parameter deviations
(6.2.1/Annex A3 /Table A.3/Annex J) (7.2.6)

Measurement system check
(6.2.1/ Annex D.2 / Tables D.1 apd D.

DUT /sg};

Device preparation (6.2.2& Po itioning of DUT (6.2.4)

Faet SAR ( Test reduction (6.7 /Figure 9}
s Jeneral { + Different operating modes (6.7.2)
-ProoedureA +DUT Design (6.7.3)
*Hrocedure B { * Threshold (6.7 .4)

Flgure &) « Multi-band (6.7.5)

Uncertainty evaluation (7)
FM (7.3/Table 11) Fast SAR (7.4 / Table 14)
N

Reporting SAR results (8)

IEC

Figure 0.1 — Quick guide flow-chart
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Table 0.1 — Quick start guide: SAR evaluation steps

Stage Evaluation steps Action
Evaluation — What type of device is being evaluated? Complete check-list
plan check- ) ) ) . base on evaluation
list — Review of antennas contained and wireless technologies plan (6.3)

supported, singly or in combination.
Planning of - .
the — What are the test positions applicable?
measurement

configurations

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

Preliminary

A liquid dielectric measurement needs to be performed and the

Should be conducted

actions .and data recorded bﬁfﬁ.r&sj_a_mn_g_a
Measur¢ment . j eated
— System check needs to be performed to verify the correct
system - 2.1
working of the system components (Annex D.2).
check A
DUT sef-up The protocol for SAR assessment defines all the permutations o
) operational conditions that should be tested. The essential e
Preparation of | inciude: 4
buT . . . priately
a. Preparing the DUT by establishing a connection h positiondd
simulator or by an int_ernal tes_t_protocol capable agajnst the phantom.
necessary RF operating conditions.
b. Configuring the DUT to operate on the apfprop,
frequencies and/or channels applicabl
c. Positioning the DUT in r re seyeral
defined positions depedding™an tie DUT(expodure sondifio
(6.2.4).
The tests identified shall
SAR Determining highest

measurement
procedyres

General[SAR
procedufe

efion — an optional set of procedures based on
is of SAR data, to reduce the number of evaluations
ed to be performed (6.7).

ast SAR - an optional set of special techniques, methods
or algorithms, to decrease measurement time while

maintaining an acceptable level of measurement uncertainty
(6 6)

SAR

Ensure the ratipnale
for either test
reduction or fagt SAR
is recorded andl
reported if eithpr was
used.

Simultaneous multi-band transmission — where a DUT incorporates
multiple frequency bands intended to operate simultaneously (f],
/5, etc.) the following procedure is applicable:

a. Most conservative approach:

Summation of peak spatial-average SAR values — simplest
but most conservative method to find upper bound (see
6.4.3.2.2);

b. Other approaches are detailed in 6.4.3.2.3, 6.4.3.2.4,
6.4.3.2.5, 6.4.3.3.

Uncertainty
evaluation

Guidelines and approximation formulas are provided (see
Clause 7), enabling the estimation of each individual uncertainty
component.

The uncertainty budget shall cover the appropriate frequency
range with regards to equipment used in the SAR system.

Determine uncertainty
and complete the
uncertainty table (see
Table 11 for full SAR
and Table 14 for fast

SAR tests)
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Stage Evaluation steps Action
Reporting The final report describes the results of the evaluations, provides | Prepare the final
SAR results sufficient technical details to allow for repeatability of the report and consider

evaluations performed and reports the results by comparison
with the relevant limit (see Clause 8).

The production of the test report will be the demonstration of
compliance with this Standard.

the requirements listed
in Clause 8.

24

@%



https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

IEC 62209-1:2016 © IEC 2016 - 217 -

(1]

(2]

(3]

(4]

(5]

(6]
[7]

(8]

[0l

[10]

[11]

[12]

[13]

[14]

[15]

Bibliography

Arai, M.J., Binner, G.P., and Cross, T.E., Estimating errors due to sample surface
roughness in microwave complex permittivity measurements obtained using a coaxial
probe. Electron. Lett., Jan. 19, 1995, vol. 32, no. 2, pp. 115-117

Balzano, Q., Garay, O., and Manning, T., Electromagnetic energy exposure of the
users of portable cellular telephones. IEEE Trans. Veh. Technol., vol. 44, no. 3, pp.
390-403, Aug. 1995

Bao, J.Z, Swicord, M.L., and Davis, C.C., Microwave dielectric characterization of
binary mixtures of water, methanol, and ethanol. J. Chem. Phys., Mar. 12, 1996,

wal-4104 o412 o A4441 4480
O o9 o = PP rrr i rrov

he SAM
Trans.

bmically
', report

Average
& g in the
Frequency Range 0.3 — 3 G national

Bymposium Digest, vol. 3, pp. 7

Blackham, D.V. technique for pefmittivity

IEEE> Trans. Instrumen. Meas., Oct. 1997,

techniques for human exposure evaluation:
d_antennas", presented at the Electrompagnetic
Evaluation Workshop of EMC, Sorrento, Italy, 2002

. and Goldstein, S.A., "Anthropometric data for dejscribing
and", Ergonomics vol. 35, no. 3, pp. 261-273, 1992

, M.J, "Surface Anatomy of the Hand: The Relatlonships

hen, G.W., Guy, A.W. and Luk, K.H., Formulas for preparing ghantom
uscle tissue at various radiofrequencies. Bioelectromag., 1984, vol.5, pp. 435{441

Christ, A., Chavannes, N., Pokovi¢, K, Gerber, H.U. and Kuster, N., Numerical and
Experimental Comparison of Human Head Models for SAR Assessment. Proceedings
of Millennium Workshop on Biological Effects of Electromagnetic Fields, Heraklion,
Kreta, Greece, Oct. 2000, pp. 234-240

Christ, A., Klingenbdck, A., Samaras, T., Goiceanu, C., and Kuster, N.,The
dependence of electromagnetic far-field absorption on body tissue composition in the
frequency range from 300 MHz to 6 GHz. IEEE Trans. Microwave Theory Techn., vol.
54, no. 5, pp. 2188-2195, May 2006

Christ, A., Samaras, T., Klingenbéck, A., and Kuster, N., Characterization of the
electromagnetic near-field absorption in layered biological tissue in the frequency
range from 30 MHz to 6000 MHz, Physics in Medicine and Biology, vol. 51, no. 19,
October 2006


https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

- 218 - IEC 62209-1:2016 © IEC 2016

Christ, A., Gosselin, M.-C., Kihn, S., and Kuster, N., Impact of pinna compression on
the RF absorption in the heads of adult and juvenile cell phone users,
Bioelectromagnetics, vol. 31, no. 5, pp. 406-412, July 2010

Christ, A., "Analysis of the exposure of the hand and its impact on the absorption in the
heads of cell phone users", presentation to IEC MT 62209, January 2013

Clarke, R.N., Gregory, A.P., Hodgetts, T.E., and Symm, G.T., Improvements in coaxial
sensor dielectric measurement: relevance to aqueous dielectrics and biological tissue.
in Microwave Aquametry: Electromagnetic Wave Interaction With Water-containing
Materials, A. Kraszewski, ed., New York: IEEE Press, 1996, pp. 279-297

CTACTIAtestpran for mobite Station over the air performance; revigion 3.9", CTIA

|reless Association, Apr. 2009

Davis, C.C. and Balzano, Q., The international intercomparig of SAR-meastyements
on cellular telephones. IEEE Trans. Electromagn. Compa : 10> , 2009
arolina,
f a CAD
report",

sions of

-95 signal
vol. 48| no. 3,

on SAR measur S. . lectromagn. Compat.,

pp. 552-562, A

ouglas,@ .Y ¥’W.G., Ballen, M., Babij T.M. and Chou, C-K., An
A\ lgorithm , icti ge in SAR in a Human Phantom due to Deviations in
its ComplexiF it R Néans. Electromagn. Compat., vol. 51, no 2, May 2009

2K., "Enabling the Use of Broadband Tissue Equivalent

Absorption Rate Measurements", |EEE Electronpagnetic
, July 2007

gr, C., Ofli, E., Kuster, N., Derat, B. and Gabriel, S., "Investigation
of the 'quene of the Hand on Head SAR" presentation to IEC PT 62209 MT-1,

Dotgtas, v Pera B- tao— X Oft—E—=and d INT arcPhanto Models for

the Assessment of SAR in the Head from CeIIuIar Telephones", Asia-Pacific
Symposium on Electromagnetic Compatibility, Beijing, China, April 12-16, 2010

Douglas, M., Bucher, C., Ofli, E., Derat, B., Gabriel, S., Kuster, N., "Investigation of
the influence of the Hand on Head SAR", IEC MT 62209 meeting, Newbury, UK, March
2010

Douglas, M., Ofli, E., Kuster, N., "Influence of Lossy Holder on SAR in Head", IEC MT
62209 meeting, Xi'an, China, August 2011

Douglas, M., Kuster, N., "Summary of two studies of hand effect on SAR in head", IEC
MT 62209 meeting, Brisbane, Australia, June 17, 2012


https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

IEC 62209-1:2016 © IEC 2016 - 219 -

[33]

[34]

[35]

[36]
[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

Drossos, A., Santomaa, V., and Kuster, N., The dependence of electromagnetic
energy absorption upon human head tissue composition in the frequency range of
300-3000 MHz. IEEE Trans. Microwave Theory Techn., vol. 48, no. 11, pp. 1988-1995,
Nov. 2000

Le, D.T., lyama, T., Hamada, L., Watanabe, S. and Onishi, T., Averaging Time
Required for Measuring the Specific Absorption Rate of a MIMO Transmitter, IEEE
EMC Magazine, vol. 3, Quarter 1, pp. 57-64, 2014

EA-2/07 (rev.01) EAL Strategy to Achieve Comparability of Results in Calibration and
Testing, Mar

EIA RS-261-B:1979, Rectangular Waveguides (WR3 to WR2300) 1997

referencge rrllaterials

Fvans, S. and Michelson, S.C., Intercomparison of dielectrie

A . Meas.
Bci. Tech., Dec. 1995, vol. 6, no. 12, pp. 1721-1732

Faraone, A., McCoy, D.O., Chou, C.K. and Balzano\Q. 3 grization of

iniaturized E-field probes for SAR measuremenis  [f S legtromag.

ederal Communications Commission f hnology

Bupplement C (Ed. 01-01) to OET Bulletin 6 hce with

CC Gu|deI|nes for Human Exposure Fields,

i ices with

C, June

on and

fast | i i
; o%v 1994vol. 41, pp. 3278-3282

YR A.S. Jand Wunsch, C., Multi-resolution |optimal
TOPEX/POSEIDON satellite altimetry. IEEE

basis reconstruction of non uniform sampléd data.
NAnalog Dig. Sig. Proc., vol. 45, no. 8, pp. 1165-1168,

mi, A., Bertotto, P. and Richiardi, G., Effect of the hand on
, IEE Proc. Microwaves, Antennas and Propagation, ol. 148,

) A., "Effect of the Hand in SAR Compliance Tests of
evices", Applied Computational Electromagnetic Society Conference,
etona, ltaly, March 21, 2007

Francavilla, M. and Schiavoni, A., New reference function for post-processing
uncertainty evaluation in SAR compliance tests, IEEE Microwave Compon. Lett.,
vol. 18, no. 5, May 2008

Francavilla, M., "Time reduction in SAR compliance of GSM/UMTS mobile phones",
BEMS 2011, Halifax, Canada, June 2011

Fukunaga, K., Watanabe, S., Wake, K. and Yamanaka, Y., "Time dependence of
tissue-equivalent dielectric liquid materials and its effect on SAR", EMC Europe Symp.,
Sorrento, Italy, Sep. 2002

Gabriel, C., Chan, T.Y.A. and Grant, E.H., Admittance models for open ended coaxial
probes and their place in dielectric spectroscopy. Phys. Med. Biol., vol. 39, no.12,
pp. 2183-2200, 1994


https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

- 220 - IEC 62209-1:2016 © IEC 2016

Gabriel, C. and Peyman, A., Dielectric measurement: error analysis and assessment of
uncertainty. Phys. Med. Biol., vol. 51, no. 23, pp. 6033-6046, 2006

Gabriel, S., Lau, R.W. and Gabriel, C., The dielectric properties of biological tissues:
[1l. Parametric models for the dielectric spectrum of tissues. Phys. Med. Biol., vol. 41,
no. 11, pp. 2271-2293, 1996

Gabriel, S., Lau, R. W. and Gabriel, C., The dielectric properties of biological tissues:
Il. Measurement in the frequency range 10 Hz to 20 GHz, Phys. Med. Biol., vol. 41,
no. 11, pp. 2251-2269, 1996

Gandhi, O.P., Lazzi, G. and Furse, C.M., Electromagnetic absorption in the human

ead and neck for mobile telephones at 8 and 1900 MH -——Tran Microwave

heory Techn., vol. 44, no. 10, pp. 1884-1897, Oct. 1996

(Gregory, A.P. and Clarke, R.N., Tables of the Complex Rexmittiviti ‘of \Djielectric
Reference Liquids at Frequencies up to 5 GHz, NPL Report MAT 23, National Physical
aboratory, Teddington, England, 2009

(Greiner, T.M., Hand Anthropometry of U.S. A ersy . \J'echinical| Report
ATICK/TR-92/011, U.S. Army Natick Research Dev q nd Engineering Center,

gimulant liquid for SAR
endai, Japan, Jung 2004,

., McConville, J.T., Tepbetts, I.
U.S. Army Personnel: Methpds and
~89/044, U.S. Army Natick Research,

Reference . LiquidsVa i p to 5 GHz. NPL Report MAT 23, Materials
ivision,in and:\Natiopal Physical Laboratory, Revised Jan 2012, ISSN
754-2979

Anthropometry of U.S. Army Personnel. Technical| Report
Army Natick Research, Development and Engjneering
A, Dec. 1991

JS
K., Ishii, N., Watanabe, S., Development of the SAR-probe

dsing the reference dipole antenna in head-simulating liquid, 2008
Pacific Symposium on Electromagnetic Compatibility, Singapore, pp. 116-119,

2 R —A- Prico—A-H—and—Davies—M-—DBielestric—Properties and

Mol’ecu.la.r’Behaviour. Londan: Van No.str.and Reinhold, 196§

IEC 60050 (all parts), International Electrotechnical Vocabulary (available at:
www.electropedia.org)

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

EIA-261-B, Rectangular Waveguides (WR3 to WR2300) — TR-14.1, IEEE Standard
Measurement Procedure for Field-Disturbance Sensors, 1979

ICNIRP, International Commission on Non-lonizing Radiation Protection guidelines for
limiting exposure to time-varying electric, magnetic and electromagnetic fields (up to
300 GHz). Health Phys., vol. 74, no. 4, pp. 494-522, 1998


https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

IEC 62209-1:2016 © IEC 2016 - 221 -

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

(78]

[79]

(80]

(81]

IEEE Std C95.1-2005, IEEE Standard for Safety Levels with Respect to Human
Exposure to Radio Frequency Electromagnetic Fields, 3 kHz to 300 GHz

IEEE Std 1528, Recommended Practice for Determining the Peak Spatial-Average
Specific Absorption Rate (SAR) in the Human Head from Wireless Communications
Devices: Measurement Techniques, New York: Institute Electrical and Electronics
Engineers, Sep. 2013

Ishii, N., Sato, K, Hamada, L, Watanabe, S., Gain calibration in near-field region of
antenna in tissue-equivalent liquid for SAR assessment, 2008 Asia-Pacific Symposium
on Electromagnetic Compatibility, Singapore, pp.112-115, May, 2008

ISO/IEC Guide 98-3:2008, Uncertainty of measurement — Part 3: Guide to the
dxpression of uncertainty in measurement (GUM.7995)

nd-held
fransceivers using FDTD. IEEE Trans. Antennas Propag., » 1106—

113, Aug. 1994

Jensen, M.A. and Rahmat-Samii, Y., EM interactiop’of hands O human
in personal communications. Proceedings of the Qh A, pp. 7-17,
Jan. 1995

rements

Jenkins, S., Hodgetts, T.E., Clarke, R.N.
i S metries.

on reference liquids using autp
Meas. Sci. Tech., vol. 1, no. 7

Jokela, K., Hyysalo, P. and Puran i f ifi i b (SAR)
robes in waveguide at 900 MHz, i Instrumen. Meas., vol. 47] no. 2,
ip 432-438, Apr. 1

Joyner, K., Jang, ‘H., 2nd Modified DUT Holder for SAR
measurement. A ‘ ating, Ft Lauderdale, 22-24 Jan. 2013

Joyner e
2013

J.

and. IEC 62209 MT1 Meeting, Newbury, -9 May

ity of water as function of frequency and temperature.
no. 4, pp. 371-374, 1989

8, U., RQ Schafer, M., Dielectric spectrum of dimethyl sulfoxide/water
m 5 a%a func 'on of composition. J Phys. Chem., vol. 93, pp. 5623-5627, 1989

Kai WA/ al., Dosimetric comparison of the specific anthropomorphic magnequin
phone

;I)ositioning. Phys. Med. Biol., vol. 50, pp. 3423-3445, July 2005

Kanda, M.Y., Ballen, M., Chou, C.K., Formulation and characterization of tissue
simulating liquids used for SAR measurement (500-2000 MHz). Asia-Pacific Radio
Science Conference, Tokyo, Japan, Aug. 1-4, 2001, pp. 274

Kanda Kanda, M, Analytical and numerical techniques for analyzing an electrically
short dipole with a nonlinear load. IEEE Trans. Antennas Propag., vol. 28, Issue: 1,
pp. 71-78, Jan 1980

Kanda M.Y., Douglas M.G., Mendivil E.D., Ballen M., Gessner A.V. Chou C-K., Faster
Determination of Mass-Averaged SAR From 2-D Area Scans. IEEE Trans. Microwave
Theory Techn., vol. 52, no. 8, pp. 2013-2020, August 2004

Kivento M., Keshvari J., Hand effect during the use of real mobile phones, Jan 2013


http://ieeexplore.ieee.org/xpl/tocresult.jsp?isnumber=25600&isYear=1980
https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

[82]

[83]

[84]

(85]

(86]

(87]

[88]

[89]

[90]

[91]

[92]

(93]

[94]

[95]

[96]

[97]

[98]

[99]

- 222 - IEC 62209-1:2016 © IEC 2016

Kuster, N. and Balzano, Q., Energy absorption mechanism by biological bodies in the
near field of dipole antennas above 300 MHz. IEEE Trans. Veh. Technol., vol. 41,
no. 1, pp. 17-23, Feb. 1992

Kuster, N., Kastle, R. and Schmid, T., Dosimetric evaluation of mobile communications
equipment with known precision (invited paper). IEICE Trans. Commun., vol. E80-B,
no. 5, pp. 645-652, May 1997

Kuster, N., Balzano, Q. and Lin, J.C., Eds. Mobile Communications Safety. London:
Chapman & Hall, 1997

Kuster, N., Douglas, M., "Proposal for inclusion of the hand for IEC 62209", IEC MT
62209 meeting Thessaloniki Greece June 2013

ancaster, P. and Salkauska, K., Curve and Surface Fitting: A ew York:

cademic Press, 1986

evisited
D

adbury, J.M., Camell, D.G., Electrically short dipoles wijtt

IL on EM

.[2002

ster, N.
with low

mobile
. 2763—

- and Kuster, N., "SAR and efficiency performance of
a with_different user hand posmons Antennas and Propagation
uposium, Charleston, USA, 2009

" Electromdgnetic Field Absorption in Human Hands and Fingers. IEEH Trans.
icrowave Theory Techn., vol. 60, no. 7, pp. 2267-2276, July 2012

Li, C.H., Douglas, M., Ofli, E., Derat, B., Gabriel, S., Chavannes, N., Kuster, N.,
Influence of the Hand on the Specific Absorption Rate in the Head from a Mobile
Phone. IEEE Trans. Antennas Propag., vol. 60, no. 2, pp. 1066-1074, February 2012

Li, C.H., Ofli, E., Chavannes, N., Kuster, N., Effects of Hand Phantom on Mobile
Phone Antenna Performance. IEEE Trans. Antennas Propag., vol. 57, no. 9, pp. 2763-
2770, Sept. 2012

Loader, B.G, Gregory A.P. Bownds, D., Coaxial artefact standard for specific
absorption rate 100 kHz to 400 MHz, Progress in Electromagnetic Research
Symposium (PIERS), 23-27 March, 2009, Beijing, China

Low, D.A. and Dempsey, J.F., Evaluation of the gamma dose distribution
comparison method. Med. Phys. vol. 30, no. 9, pp. 2455, 2003


https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

IEC 62209-1:2016 © IEC 2016 - 223 -

[100]

[101]

[102]

[103]

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

Magee, J.W., Molar heat capacity (Cv) for saturated and compressed liquid and vapor
nitrogen from 65 to 300 K at pressures to 35 MPa, Journal of Research of the National
Institute of Standards and Technology, vol. 96, no. 6, pp. 725-740, Nov./Dec. 1991

Manning M. and Massey P., "Rapid SAR testing of mobile phone prototype using a
spherical test geometry", in IEE Tech. on Antenna Measurements and SAR Seminar,
Loughborough, U.K., May 28-29, 2002

Merckel O., Fleury G., Bolomey J.-C., "Rapid SAR measurement via parametric
modeling", Proc. 5th International Congress of the European BioElectromagnetics
Association (EBEA), pp. 75-77, Helsinki, Finland, Sep. 2001

>
./
D
Al
1

ield approach—to Rapid SAR
easurement of Mobile Phones”, Symp. of the Association fof Measurement and
esting of Antennas (AMTA 2003), Irvine, Denver, USA, Oct. 200

lercke O Bolome -Ch aise

eier, K., Burkhardt, M., Schmid, T., and Kuster, N., Broadband op E-field
probes in lossy media. IEEE Trans. Microwave The 108 no. 10,
pp. 1954-1962, Oct. 1996

eyer, F.J.C., Palmer, K.D. and Jakobus, U., ccuracy,
¢fficiency and applicability of the method of mtment i [ tool for

8 i t using
lruncated coaxial cable. Electro ., vol. 3 \ . DO

isra, D., A quasi-static analy
heory Techn., Oct. 1987, vol. 3

crowave

isra, D., Chabbra ) % nvasive
¢lectrical chara f ials h-ended

¢oaxial ling; tes Theory
echn., @

n open-
61-163,

n open-

s. IEEE

o he hand

pnithe specific absorption rate evaluation of mobile phones", in Proc. URSI, Istanbul,
N 2011
wg—2044

Monebhurrun, V., Wong, M.F., Gati, A., Wiart, J., "Numerical and experimental
investigations of the influence of the hand on the specific absorption rate evaluations
of mobile phones", in Proc. 33rd Annual Meeting of the Bioelectromagnetics Society,
Halifax, June 2011

Monebhurrun, V., Influence of the hand on the specific absorption rate assessments of
mobile phones. Microwave Opt. Technol. Lett., vol. 54, no. 3, pp. 654-656, 2012

Monebhurrun, V., "Study of the influence of a CTIA hand phantom on the specific
absorption rate measurements of mobile phones”, in Proc. BioEM 2013, Thessaloniki,
June 2013

Montgomery, D.C., Design and Analysis of Experiments (4th edition), New York: John
Wiley and Sons, 1997


https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

[116]

[117]

[118]
[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

— 224 — IEC 62209-1:2016 © IEC 2016

Nadakuduti, J., Kihn, S., Fehr, M., Douglas, M., Pokovi¢, K. and Kuster, N., Effect of
Diode Response of Electromagnetic Field Probes for the Measurements of Complex
Signals. IEEE Trans. Electromagn. Compat., vol. 54, no. 6, pp. 1195-1204, Dec. 2012

Nahman, N.S., Kanda, M., Larsen, E.B. and Crawford, M.L., Methodology for standard
electromagnetic field measurements. IEEE Trans. Instrum. Meas., vol. IM-34, no. 4,
pp. 490-503, Dec. 1985

Nesterova M., Review of Head-Hand Studies between 1997-1999, April 2012

Nevels, R.D., Butler, C.M. and Yablon, W., The annular slot antenna in a lossy
biological medium. IEEE Trans. Microwave Theory Techn., vol. 33, no. 4, pp 314-319,
1985

iskala K., "Multimode SA test eduction”, Final epo, IEC MT1
ay 2014

okyo-Japan,

IST TN1297, Guidelines for Evaluating and Expressjng \the i ?f NIST
easurement Results. Gaithersburg, MD: National ' ds and
echnology, 1994

yshadam, A., Sibbald, C.L. and Stuchly, S.S., F i a g open-
¢nded sensors and reference liquid calibratiq F Trans.

ment in
B-6 GHz frequency range, IEIG 7-3262,

2005

rement.

., Christensen, M. and Pedersen, G.F.[ A grip
mobile phones. |IEEE Trans. Antennas Propag.,

Pelosi, V\@
study for

Pedersen, G.F., Knudsen, M., "User's Impact gn PIFA
s", IEEE 69th Vehicular Technology Conference, Bafcelona,

oRsou, L.N. and Grangeat, C., "New test bench for the charactgrization

Person, C., Tanng, G., Ahfonsou, C.N-, Ngounou, C.and Grangeat, C., *New reference

antennas for SAR ,probe calibration in tissue equivalent liquid", Millennium Conference
on Antennas and Propagation, AP2000, Davos, Switzerland, April 9-14, 2000

Peyman, A. and Gabriel, C., "Tissue equivalent liquids for SAR measurement at
microwave frequencies", Bioelectromagnetics Society 24th Annual Meeting, Quebec,
Canada, June 2002, poster P-53

Pokovi¢, K., Advanced Electromagnetic Probes for Near Field Evaluation. Doc. Tech.
Sci. Diss. ETH Nr. 13334. Switzerland, Zurich: Swiss Federal Institute of Technology,
1999

Pokovi¢, K., Schmid, T. and Kuster, N., Robust setup for precise calibration of E-field
probes in tissue simulating liquids at mobile communication frequencies. In
Proceedings ICECOM’97. Dubrovnik, Croatia, Oct. 12-17, 1997, pp. 120-124


https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

IEC 62209-1:2016 © IEC 2016 - 225 -

[133]

[134]

[135]

[136]

[137]

[138]

[139]

[140]

[141]

[142]

[143]

[144]

[145]

[146]

[147]

[148]
[149]

[150]

Pokovi¢, Katja. Advanced electromagnetic probes for near-field evaluations. PhD
Thesis, ETH Zirich, Nr. 13334 1999

Pournaropoulos, C.L., and Misra, D.K., The co-axial aperture electromagnetic sensor
and its application in material characterization. Meas. Sci. Tech., vol. 8, pp. 1191-1202,
1997

Press, W.H., Flannery, B.P., Teukolsky, S.A. and Vetterling, W.T., Numerical Recipes
in FORTRAN 77: The Art of Scientific Computing. New York: Cambridge University
Press, 1992

Ramo, S., Whimmery, J.R, and van Duzer, T., Fields and Waves in Communication
Electronics New York Wiley 1993

ocher, F., Julien, T., Derat, B., "Impact of a Hand Phantom o easured Average

AR", presentation to ICES TC-34 committee, December 11

chmid, T., Egger, O. and Kuster, N., Automated yStem for

osimetric assessments IEEE Trans. M|crowave Theory c no. 1,
p. 105-113, Jan. 1996
chénborn, F., Burkhardt, M. and Kuster, N., sorption
etween adults and children. Health Phys., vgl. D8
chiavoni A., Francavilla M., uce the
ualification Time in SAR Co

Physical
illey, A.R. and Hé&nr @ 3 A , 1Human
actors in Design, Wi
oropainen, A.! ment of
omplex' Vi no. 1,
p. 32-34,°2000

United

Expression of Uncertainty and Confidence in MeasuUrement.
Kingdom Accreditation Service, 1997

.F."and Ferrai, L.A., Discrete splines and spline filters. IEEE Trans.|Circuits
Byst(, . 0.7, pp 417-422, July 1991

Lianarac \/ I:Inhnrnl» R nnnl nknrnnh\r —:n{- lon n-F hinlaaical ticorinae Antivalan ||qu|ds

ignerass———FElab ton—and—characteriza bislogical-tissues—equivaten
in the frequency range 0.9-3 GHz, final report. France: PIOM Laboratory, University of
Bordeaux, Nov. 2001

Von Hippel, A., Dielectric Materials and Applications. Cambridge, MA: MIT Press, 1954

Watanabe, S., Taki, M., Nojima, T. and Fujiwara, O., Characteristics of the SAR
distribution in a head exposed to electromagnetic fields radiated by a hand-held
portable radio, IEEE Trans. Microwave Theory Techn., vol. 44, no. 10, pp. 1874-1883,
Oct. 1996

Wu, T., Lin, X., Yang, J., Zhao, C., Zhang, C. and Shao, Q., "TD-SCDMA Mobile
Phone’s SAR Measurement about OTA Hand Phantom", Progress in Electromagnetics
Research Symposium, Xi’an, China, March 22-26, 2010



https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

- 226 - IEC 62209-1:2016 © IEC 2016

SOMMAIRE

AV ANT -PROP S ...ttt e e e e e e e e e
INTRODUGCTION .. .ttt et e e et e e e e e et e e e e enns
1 Domaine d’ appliCation. .. ..o e
2 Reéférences NOImMatiVes .. .o e
3 Termes et definitioNS .. ..o
4 Symboles et abréviations ........o.iiiiii

4.1 Grandeurs PRYSIQUES .....iuiiii e e

4.2 CoNStantes ..o e e

4.3 Abréviations .. ..o N NG N -
5  Specifications du systéme de mesure

5.1 Exigences générales ..........cooooiiiiiiiiiiiini e OGN NG ONG N Y
5.2 Spécifications du fantéme (enveloppe et liquide)

5.3 Main et support de dispositif............o i NN RS N e
54 Exigences du systéme de balayage ........... < oG G M N N e
5.5

Spécifications du support de dispositif
5.6 i
Prg

6.1
6.2
6.2,
6.2
6.2,
6.2
6.2
6.3
6.4
6.4{
6.4|
6.4(

6.5

6.51
6.5)2 Extrapolation. ... 275
6.5.3 Définition du volume d’intégration...........c.oooiiiiiiii 275
6.5.4 Recherche des maxXima ... ... 275
6.6 Essai rapide de DAS ... e 275
6.6.1 GNETAlITES e 275
6.6.2 Procédure A de mesure rapide de DAS...... ..o 277
6.6.3 Essai rapide de DAS de bandes de fréquences exigées .........cccceevveervennnnnn. 279
6.6.4 Procédure B de mesure rapide de DAS........ e 280
6.7 Réduction d’essai de DAS ... .o 283
6.7.1 EXIQeNCeS gNEIales . ... 283
6.7.2 Réduction d’essai pour différents modes de fonctionnement dans la
méme bande de fréquences en utilisant la méme technologie sans fil.......... 284
6.7.3 Réduction d’essai basée sur des caractéristiques de conception de DUT ....285

6.7.4 Réduction d’essai basée sur I'analyse de niveau de DAS............ccooiveennen, 286


https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

IEC 62209-1:2016 © IEC 2016 - 227 -

6.7.5 Réduction d’essai basée sur des considérations d’émission multibande
S MU ANEE ..o e
7  Estimation des inCertitudes ... ..o
7.1 Considérations geNErales .. .. ..o
7.1.1 Concept pour I'estimation des incertitudes ...
7.1.2 Evaluations de type A et de type B .......ccovvvieeiiiieee e
7.1.3 Degrés de liberté et facteur d'élargissement ...,
7.2 Composantes contribuant a l'incertitude ...,
7.2.1 LT 1= = L=
7.2.2 Etalonnage des sondes de DAS .........cooiiiiioiieeee e
7.2[3 COoNtribution des CONIraiNies MECANIQUES....rovorrrrerereeee e fomese e enope s
7.214 Enveloppe du fantdme............cooii AN 0T
7.2l5 Incertitudes de positionnement du dispositif et du supps
7.2|6 Incertitude des paramétres du liquide équivalent gux {{SSNS M. ... "N\ -- o4 - -- - 301
7.27 Incertitude de la correction de DAS pour des éc§
CONAUCTIVITE ... NG N e LN NG Y

7.218 Dérive de DAS mesuré
7.219 Conditions RF ambiantes
7.2110 Contribution du post-traitement des donng

7.2[11
7.2[12
7.2(13
7.3
7.3[1 Incertitude
7.312
7.4 Incertitude
mesur,
7.4,
7.4,
8 Ra
8.1
8.2
Annexe
A.1
A2 Spécifications du fantdme SAM
A.21 Généralités 338
A.2.2 Enveloppe du fantdme...... ..o 342
A.3 Spécifications du fantdme plan ... 344
A4 Liquides équivalents auxX tiSSUS ... 345
Annexe B (normative) Etalonnage et caractérisation de sondes dosimétriques .................. 347
B.1 Remarques introdUCHIVES ... 347
B.2 g T=Y =T = P 348
B.3 Evaluation de la sensibilité des capteurs-dipdles...............ccccvvuueeeeieieeeiieiiinnnn. 348
B.3.1 GNBIAlItES ..o 348
B.3.2 Procédures d’étalonnage en deux €tapes ........occvveiiiiiiiiiieii i 348
B.3.3 Procédures d’étalonnage en une étape.........ocovviiiiiiiiiiiiiiiii i 355
B.3.4 Méthode du calorimétre coaxial ..........coouiiiiiiiiiiii 359

B.4 =T 04 o o1 - 361


https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

- 228 — IEC 62209-1:2016 © IEC 2016

B.4.1 I1SOtropie axiale ..o e
B.4.2 Isotropie hémisSpheérique ...

B.5 Limite inférieure de détection ..o

B.6 Effets de Dord ...

B.7 TEMPS A8 MEPONSE ..oeitit et ettt e e

Annexe C (normative) Techniques post-traitement..............

C.1 Processus d’extrapolation et d’'interpolation ...............coooiiiii i,
C.11 Remarques introdUcCtives ... ..o
C.1.2 Procédures d’'interpolation............oooiiiiiiiii
C.1.3 Procédures d’extrapolation......... ..o

C.2 Procédure d’intégration et recherche du maximum
C.41 Procédures d’intégration par le volume ..........ccooovi o LN e - 00 -

C.3.2 Méthode d’intégration par extrusion............coooii o N NG e N D ene e
C.4.3 Recherche du DAS maximal et évaluation de I'in

C.3
C.3.

C.3.
C.3.
C.3.
C.3.
C.3.
Annexe

D.A1

D.2
D.4.

D.2.
D.4.
D.4.
D.4.
D.3
D.3.
D.X
D.3.
D.3.
D.3.
D.3. Valeurs numeriques cibles de DAS ...

D.4 Validation du systeme et contréle du systéme de méthode rapide de DAS.......... 383
D.4.1 GNETAlIIES e 383
D.4.2 Validation du systéme de méthode rapide de DAS ..., 383
D.4.3 Contréle du systeme de méthode rapide de DAS ..., 385

Annexe E (normative) Comparaisons interlaboratoires............cooooiiiiiiiiiiiiiien 386

E.1 L o) = PP 386

E.2 Montage du fantOme. .. ... 386

E.3 Combinés sans fil de référence ..o 386

E.4 Réglage de 18 PUISSANCE ......iuiiiiii e 386

E.5 Comparaison interlaboratoires — Procédure ..........cocooiiiiiiiiiiie e, 387

Annexe F (informative) Définition du systéme de coordonnées d’un fantéme et du
systeme de coordonnées d’'un dispositif en essai (DUT) .....coooviiiiiiiiiiiiiiii e 388


https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

IEC 62209-1:2016 © IEC 2016 - 229 -

Annexe G (informative) Sources de validation du systeme DAS ..., 390
G.A1 Source de diplle NOrMAlISE .......c.iiiiii i 390
G.2 Source de guide d’ondes NOrMaliSe .........c.oiuiiiiiiii e 392

Annexe H (informative) Fantdme plan...........oooiiiiiiii i 393

Annexe | (informative) Exemples de formules pour les liquides équivalents aux tissus

de la téte de fantime ... 396
1.1 Considerations GENEIalES .. ..c.uiinii i 396
1.2 CONS I UANTS e 396
1.3 Formules de liquides équivalents aux tissus (permittivité/conductivité) ............... 397

Annexe J (informative) Mesurages des propriétés diélectriques des liquides et
estimatipn des inCcerlitudes. ... . e N e

J.1 Remarques introductives

J.2 Techniques de Mesure .........oooiiiiiiiininiiieee e NN e e et
J.2|1 GeNEralites ..o e\l A O - D D 1..... 400
J.2|2 Instrumentation ... N AN NG L 400
J.2|3 Principes générauX ........coocvvviiiiiiiiiiniie e o NN - XS e e N e eeeneedeenn 400
J.3 Ligne de transmission coaxiale de banc de mestre™ . .. 1N\ S ormerenennenfoannn 401
J.3|1 GENEralites ..o e N P e D e e e
J.3{2 Montage de I'équipement
J.3|3 Procédure de mesure
J.4 Sonde coaxiale de contact
J.4]1 Généralités .................. U

J.4
J.4

J.5
J.5
J.5
J.5

J.6

Annexe
spécifiq

K.1

K.2
K.2.
K.2.
K.2.3 [0 { (o] o1 =P PRURPRTN S 412
K.2.4 Incertitude de positionnement de capteur ... 412
K.2.5 Sensibilité de position de capteur ... 413
K.2.6 Couplage mutuel de CapteUr........ovuiii e 413
K.2.7 Couplage du capteur avec le DUT ... 413
K.2.8 Immunité / réception secondaire du systeme de mesure............c.cceeeevvennnnn. 413
K.2.9 Ecarts de forme de fantdme .............oooeiiiiiiiieee e 414
K.2.10  Variation spatiale des paramétres diélectriques ...........coooviiiiiiiiiinnes 414

K.3 Exemples de DAS rapide .. ... 419
K.3.1 GNAIAlITES ..o 419
K.3.2 Exemple 1: Essais pour une bande de fréquence et un mode...................... 420
K.3.3 Exemple 2: Essais sur des bandes de fréquences et modes multiples ......... 425
K.3.4 Exemple 3: Essais pour une bande de fréquences et un mode

(ProCedUure B) ... 428


https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

- 230 - IEC 62209-1:2016 © IEC 2016

K.3.5 Exemple 4: Essais sur des bandes de fréquences et modes multiples
(L o ToT=Yo 1N /=N = 432
Annexe L (informative) Informations de support de réduction d’essai DAS......................... 436
L.1 LT L= = 1 =P 436
L.2 Réduction d’essai basée sur des caractéristiques de conception de DUT ........... 436
L.21 GNETAlIIES . e 436
L.2.2 Présentation de I'analyse statistique...........ccoooii i 436
L.2.3 Résultats d’analySe .......ccuiiiiiiiii i 437
L.2.4 CONCIUSIONS .. 440
L.2.5 Extension a la transmission a plusieurs antennes ...............ccocoeeveiiiieneennnn. 440
L.2[6 Reéduction d' essal basee sur 'analyse des resultats de DA su
d’autres modulations de signal ... O NG
L.3 Réduction d’essai basée sur 'analyse de niveau de DAS ., /AN ... L 20\
L.3l1 GeNEralites .. .o e N NN
L.3[2 Analyse statistique ..o o NN NG N
L.3[3 Exemple d’applicabilité de réduction d’essai /s .\ .o NN\ Y
L.4 Autres approches statistiques pour rechercher le
levé . L SN N Y
L.4{1 Geéneralités .....cocovvveiiiiiiiii [ Y N N e
L.4{2 Réductions d’essai basé
L.4f
Annexe
Annexe
N.1
N.2
N.4.
N.4.
N.3
N.3.
N.3.
N.3.
N.4
N.5
Annexe
0.1
0.2
Bibliographie

Figure 1 — Lignes de référence verticale et horizontale et Points de référence A, B sur
deux exemples types de dispositifs: un smart phone avec écran tactile complet (en

haut) et un combiné a clavier (BN Das) ... ... 256
Figure 2 — Position "joue" du dispositif sans fil sur le c6té gauche du SAM dans

laquelle le dispositif doit é&tre maintenu pour la configuration d'essai du fantéme ................ 259
Figure 3 — Position inclinée du dispositif sans fil sur le c6té gauche du SAM ...................... 260

Figure 4 — DUT a facteur de forme différent et application de coordonnées
normalisées et de points de réferenNCe ... ..ot 261

Figure 5 — Schéma de principe des essais a effectuer ..............cooiiiiii i 264


https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

IEC 62209-1:2016 © IEC 2016 - 231 -

Figure 6 — Orientation de la sonde par rapport a la droite perpendiculaire a la surface

du fantdme a deux emplacements différents ... 267
Figure 7 — Procédure de mesure des différents types de signaux corrélés.......................... 274
Figure 8 — Procédure B de mesure rapide de DAS ... ..., 283
Figure 9 — Organigramme modifié de 6.4.2 ... ... 289
Figure 10 — Orientation et surface du volume d'intégration par rapport a la surface du

L2 1100 .41 PP 314
Figure A.1 — Représentation des dimensions du Tableau A.1 et du Tableau A.2................. 339
Figure A.2 — Vue de c6té rapprochée du fantdbme montrant la région de l'oreille ................. 341

Figure A3 — Vue de coté du fantdme maontrant les marquages pprfinpn’rc

Figure A.4 — Bissection sagittale du fantdme avec périmeétre étendu (m
coté comme lors des essais de DAS du dispositif) ......ooovviiiiaSGr e Lo NN

Figure A.5 — Représentation du fantdbme représentant la bande centxale
Figure A.6 — Section du SAM au niveau du plan de référence ..{....05 N\ . C e N
Figure A.7 — Dimensions du fantdéme elliptique ................. 050 N he 10 e e,

Figure H
convers

.1 — Montage expérimental pour I’évaluation de

Figure
Figure

Figure H
liquide 4

Figure
équivalg

Figure
Figure
Figure H
Figure ¢

Figure (
basée s
mesuréq

Figure [

Figure K.
référend

Figure F.2—~Exemple‘de systéme de coordonnées pour le dispositif en essai .............}..... 389

Figure G = Détails mécaniques du dipdle normalisé rrrrrrrrrrrrrerrererrr—————— 391

Figure G.2 — Source de guide d’ondes normalisé (dimensions conformes au
BLIR= 1 o] == 10 1 2 T PP 392

Figure H.1 — Dimensions du montage de fantdbme plan utilisé pour dériver les
dimensions minimales du fantdme pour W et L pour une profondeur de fantéme
(o [oY o] aT=T- Y0 2 J PP 394

Figure H.2 — Incertitude prédite par l'utilisation d'un code FDTD pour un DAS maximal
moyenné pour 10 g, en fonction des dimensions du fantdme plan comparé a un
fantdme plan infini, @ 800 MHz. ... ... 395

Figure J.1 — Montage du banc de MeSUIe ... .. .o 401

Figure J.2 — Sonde coaxiale sans terminaison avec des rayons intérieur et extérieur a
Bl B, TESPECHIVEIME N . .. e e 404

Figure J.3 — Montage d’essai diélectrique de ligne TEM [143] ..ot 406


https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

- 232 - IEC 62209-1:2016 © IEC 2016

Figure K.1 — Valeurs de DAS pour douze configurations d’essai hypothétiques

mesurées dans les mémes bandes de fréquences et modulation (par exemple, GSM

900 MHz) en utilisant une évaluation compléte de DAS hypothétique (DAS complet) et

deux évaluations de DAS rapides (DAS rapide 1 et DAS rapide 2) .......coooviiiiiiiiiiiiiiinienns 419

Figure L.1 — Distribution de "Incliné/Joue" ....... ... 438
Figure L.2 — DAS par rapport au DAS en position avec le DAS maximal en mode GSM ...... 443

Figure L.3 — Deux points identifiant la distance minimale entre la position du DAS
maximal interpolé et les points @ 0,6 X DAS{ gy - oeererrmeemrmmmieeeiiie e 444

Figure L.4 — Histogramme pour Dyjn dans le cas de GSM 900 et d'un isoniveau a
0,6 X DAS gy -+-eeevvnneeeeresnee et e e e

F' L L Lliat l HP | LA o I 4
Igure I rotuyrarmiie puur 1a valrtduic aicatuvuitc 1macicur Is

Figure @.1 — Organigramme du guide de démarrage rapide .................,ZAN ... 00T

Tableau
Tableau

Tableau
la Variapte 1

Tableau
o] eT o Yo 71 = I T VA WO 3

Tableau
le mesufage (&) de la constante diélettri

Tableau

permitti
Tableay 7 — Parameétres pouna fonctiqn\de teféfenceyfq de la Formule (48) ...............|.....

Tableau

d’ondes| : <YL (1= et S 315
Tablead fributi Al dé associées aux sources de dipdle

(o [=Tol g} XS = T N gL =D (=Y N N e o NP PRPRPRRR S 316
Tablead ibufti intertitude associées aux sources de guide

d'ondes 8 deCrRES. AN'ARNEXE G ..o 316
Tablead g d’évaluation de l'incertitude de mesure pour I'essai de

(BN o [0 Fofo ] o) (T TP N O N PRSP N 318
Tableau™ e_de fiche d’évaluation d’incertitude de mesure pour la validation

AU SYSTEME N N Y e 321
Tableau 1 de fiche d’évaluation de répétabilité de mesure pour le contréle

du systemeé (applicable pour un systéme) ... 323
Tableau 14 — Bilan d’incertitude de mesure pour des essais rapides de DAS relatif............ 331
Tableau 15 — Bilan d'incertitude de mesure pour le contréle du systeme en utilisant

des méthodes rapides de DAS ..., 333
Tableau A.1 — Dimensions utilisées pour déduire le fantome SAM a partir des données

de 'ARMEE sur le 90€ percentile de la téte masculine (Gordon et al. [56]).......c...ceeereennnn.. 340

Tableau A.2 — Dimensions SAM supplémentaires comparées aux dimensions
sélectionnées a partir des données de I'ARMEE sur le 90€ percentile de la téte

masculine (Gordon et al. [56]) — section spécifique de mesure de latéte............................ 340
Tableau A.3 — Propriétés diélectriques du liquide équivalent aux tissus de la téte .............. 346
Tableau B.1 — Analyse de l'incertitude de I'étalonnage du transfert avec des sondes

(o FoI =T 0 0] o =T =1 10|l YU 351
Tableau B.2 — Lignes directrices de conception de guides d’ondes d’étalonnage................ 354

Tableau B.3 — Analyse d’incertitude de I’étalonnage de sonde dans le guide d’ondes......... 355


https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

IEC 62209-1:2016 © IEC 2016 - 233 -

Tableau B.4 — Analyse de l’incertitude pour I'évaluation du gain d’antenne de
LY 1= =T L7 PP 357

Tableau B.5 — Analyse d’incertitude pour I'étalonnage avec une antenne de référence....... 358

Tableau B.6 — Composantes d’incertitude pour I’étalonnage de sonde en utilisant des
MEthOdES therMIQUES. . ... e 361

Tableau D.1 — Valeurs numériques cibles de DAS (W/kg) pour le dipble normalisé et le
FANEOME PlAN. ..o e e e 381

Tableau D.2 — Valeurs numériques cibles de DAS pour les guides d’ondes spécifiés a
I'Article G.2 en contact avec un fantdme plan [94].......ccoiiiiiii i

Tableau G.1 — Dimensions mécaniques des diplles de référence ............ccoeiiiiiiiiiiiininn.
Tablea

Tablea
Tablea

Tablea
300 MH

G.2 — Dimensions mecaniques du guide d'ondes normalise ........[......0¢ v e pm- -

H.1 — Parameétres utilisés pour calculer les valeurs de DAS d

Tablea

Tablea
Tablea
Tablea
Tablea
Tablea
Tablea
Tablea

Tablea
S ON P A D).

K.s_w@

K.4 — Mesuya

Tableau K.12 — Mesurages rapides de DAS présentant des valeurs selon les

EXIGENCES AE PELAPE C) ..o, 427
Tableau K.13 — Mesurages complets de DAS réalisés selon 'Etape €).........ccccceeeeuneeennnn.. 427
Tableau K.14 — Mesurages rapides de DAS présentant des valeurs selon les

EXIgENCES A€ I'E AP ©) .. e it 428
Tableau K.15 — Mesurages complets de DAS réalisés selon 'Etape €).........cccccevvevuneennne. 428
Tableau K.16 — Mesurages réalisés selon FEtape @) ...........ooeeeiieeieiiieeieeeeeeeeeeeeeeeeeee e 429
Tableau K.17 — Mesurages réalisés selon 'Etape b).........c...ccooovuiieiiiiiiiie e, 430
Tableau K.18 — Mesurages réalisés selon VEtape C) ........vvvvvieeieiiiiieeeeeeee e 431
Tableau K.19 — Mesurages réalisés selon I'Etape €).........cc..oeeiviuieeeeeeieieeeeeeeeee e, 431

Tableau K.20 — Mesurages réalisés selon FEtape f).........ueeeeieeiiieieieeeeeeeeeeeeeeeeeeeee 432


https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

— 234 - IEC 62209-1:2016 © IEC 2016

Tableau K.21 — Mesurages rapides de DAS réalisés selon I'Etape @) ...........ccccccceuveeenne.... 433
Tableau K.22 — Mesurages complets de DAS réalisés selon 'Etape b)..........cccoovuvveereeinnn. 433
Tableau K.23 — Mesurages complets de DAS réalisés selon I'Etape €).........ccc..ccccevuveeennnn.. 434
Tableau K.24 — Mesurages complets de DAS réalisés selon 'Etape €).........cc....ccceeuveennnn.. 435
Tableau L.1 — Nombre de combinés utilisés pour I'étude statistique .........................ll 437

Tableau L.2 — Résultats d’analyse statistique de P(Incliné/Joue > x) pour différentes
(2= 1LY U] e 1= PP 438

Tableau L.3 — Résultats d'analyse statistique de P(Incliné/Joue > x) pour DAS
maximal Moyenneé Pour 1 g €t 10 g .o e 439

Tableaul 4 = Résultats d'analyse statistique de P(Incliné/loue > x) pour différentes
positions d'antenne.........ccooiiiii e e NG

Tableay L.5 — Résultats d'analyse statistique de P(Incliné/Joue > x)
bandes|de fréqQUENCES..........cccviiiiiiiiiiiiie e N D e NG PR )

Tableay L.6 — Résultats d'analyse statistique de P(Incliné/Joue/>x
types de dispoSitifs .....oveiiiiii e SN N NG

Tableau

Tableau
de DAS
maxima

Tableau
Tablead

Tableau
GSM 85

Tableau
GSM 9(

Tablead
GSM 18

Tableau
GSM 19

Tableau



https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

IEC 62209-1:2016 © IEC 2016 - 235 -

COMMISSION ELECTROTECHNIQUE INTERNATIONALE

PROCEDURE DE MESURE POUR L'EVALUATION
DU DEBIT D'ABSORPTION SPECIFIQUE DE L'EXPOSITION HUMAINE
AUX CHAMPS RADIOFREQUENCES PRODUITS PAR LES DISPOSITIFS
DE COMMUNICATIONS SANS FIL TENUS A LA MAIN OU PORTES PRES
DU CORPS -

Partie 1: Dispositifs utilisés a prOX|m|t é de l'oreille
(Plage de fréquences de 300 MHz a

AVANT-PROPOS

1) La Cpmmission Electrotechnique Internationale (IEC) est une malisation

compg@sée de I'ensemble des comités électrotechniques nationaux ( tC a pour
objet fle favoriser la coopération internationale pour toutes les i domaines
de I'électricité et de l' électronique A cet effet, I’IEC —entre a ationales,
des S S) et des
Guidep etudes, aux

travay
intern

travay
condit

Les orggnisations
FIEC, participent égaldment aux
Normalisation (ISO), gelon des

2) Les décisi ici ’ . 3 questions techniques représentent, dans |a mesure
du pop i donné que les Comités nationaux de I'lEC
intére

3) Les P 3 & ¢ de recommandations internationales et sonf agréées
commg telles par les Comité : es”efforts raisonnables sont entrepris afin |que I'lEC
s'assyre de I'exactitude ig € jcations; I'lEC ne peut pas étre tenue respopsable de
I'éventuelle mauvaise utjlisation ow i atati Jui est faite par un quelconque utilisateur final.

4) Dans |e but d'e a l'uniforpite |ntert|ale les Comltes natlonaux de I'lEC s engagent danjs toute la
mesure possible; \ Fa b ationales

et rédionales. Toute nales ou

région

5) L’IEC pendants
fourni grques de
conformité de I'l rtification

6) Tous le i 8 Qi ! i i iere éditi icaftion.

hdataires,
y compris ses-eéxperts particuliers et les membres de ses comités d'études et des Comités nationaux de I'lEC,
pour tput préjudice asé en cas de dommages corporels et matériels ou de tout autre dommage d= quelque
te) et les
dépenise i ute autre
Publication de I’ IEC ou au crédit qui lui est accordé.

8) L'attention est attirée sur les références normatives citées dans cette publication. L'utilisation de publications
référencées est obligatoire pour une application correcte de la présente publication.

9) L’attention est attirée sur le fait que certains des éléments de la présente Publication de I'l[EC peuvent faire
I'objet de droits de brevet. L’IEC ne saurait étre tenue pour responsable de ne pas avoir identifié de tels droits
de brevets et de ne pas avoir signalé leur existence.

La Norme internationale IEC 62209-1 a été établie par le comité d’études 106 de I'lEC:
Méthodes d'évaluation des champs électriques, magnétiques et électromagnétiques en
relation avec I'exposition humaine.

Cette deuxiéme édition annule et remplace la premiére édition parue en 2005. Cette édition
constitue une révision technique.
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Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) Extension de la plage de fréquences de 300 MHz a 6 GHz.

b) Méthodes rapides de DAS.

c) Techniques de réduction d’essai.

d) Mesurages de DAS de terminaux avec des antennes multiples et des émetteurs multiples.

e) L'écart des propriétés diélectriques des liquides équivalents aux tissus est admis
jusqu'a 10 %.
f) Lignes directrices relatives a I'évaluation de l'incertitude pour les écarts de température et

de [ arametres diélp(‘triqupc des qunidpq éqni\/alpntq aux tissus
g) Ajolt des annexes suivantes:

e Annexe K (informative) Incertitude de mesure des mé e DAS

gpécifiques et exemples de DAS rapides

e Annexe L (informative) Informations de support de rédu

e Annexe M (informative) Application des procédures A te

e Annexe N (informative) Etudes des effets pote téte

e Annexe O (informative) Guide de démarrage fapi
Le textg de cette norme est issu des We@a ts.

FDIS appoWe

Le rapport de vote indiqué te ayant
abouti & I'approbation
Cette pwblicatio
Dans cHg
— prot
Une listg d  parties pcédure
de mes S &b Qn du débit d'absorption spécifique (DAS) de I'exposition humaine
aux cha hus a la
main ou
Les futuresvnormes de cette série porteront dorénavant le nouveau titre général cité cirdessus.

Le titre des normes existant déja dans cette série sera mis a jour lors de la prochaine édition.
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Le comité a décidé que le contenu de cette publication ne sera pas modifié avant la date de
stabilité indiquée sur le site web de I'lEC sous "http://webstore.iec.ch" dans les données
relatives a la publication recherchée. A cette date, la publication sera

e reconduite,

e supprimée,

e remplacée par une édition révisée, ou

e amendée.

utiles |a une bonne comprehensmn de son contenu. Les utilisateur t, par
conséquent, imprimer cette publication en utilisant une |mpr|r?a\\

5
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INTRODUCTION

Le comité d’études 106 de I'lEC a pour objet d’élaborer des Normes internationales sur les
méthodes de mesure et de calcul utilisées pour évaluer I'exposition humaine aux champs
électriques, magnétiques et électromagnétiques. Le comité d’études 106 de I'l[EC a élaboré la
présente partie de [I'IEC 62209 afin de fournir des procédures d’évaluation du débit
d'absorption spécifique (DAS) de l'exposition humaine due aux dispositifs d’émission de
champ électromagnétique (EMF), lorsque ces dispositifs sont maintenus prés de l'oreille. Les
types de dispositifs comprennent, sans toutefois s’y limiter, les téléphones mobiles, les
téléphones sans fil, les casques, etc., qui sont utilisés a proximité de I'oreille. Les normes du
comité d’études 106 de I'lEC ne traitent pas des limites d'exposition. L’évaluation de la
conformité dépend de la politique des organismes de réglementation natlonaux Alors que des

restricti de base sur le DAS da es lignes directrice NTRP 64 ont qua 10 GHz,
la plagg de fréquences pour la présente partie de I'lEC 62209 est lipmif¢e a uhe frequence
d'extrémité supérieure de 6 GHz dans la mesure ou les télépliones( sags)HYil [actuels
fonctionjnent en dessous de cette fréquence.

Le comité d' etudes 106 de I'EC et TC 34 de I'/IEEE/ICESZ2 on travailé maniére

formelle
entre I'H

isation,

das le cadTre de la

présentg¢ partie de I'lEC 62209 et I'|CES/IEEE TC 34 8 ndant le
processus d’élaboration de ces documents, un effor{ pa a eté faip pour harmonfiser ces
deux ngrmes.

Afin d’alder l'utilisateur de la présente fapide a
été élahoré et inclus dans une annexe In Smarrage
rapide n'est pas un substitut a I'observ

1 Les chiffres entre crochets se réferent a la Bibliographie.

2 International Committee on Electromagnetic Safety de I'EEE.
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PROCEDURE DE MESURE POUR L'EVALUATION

DU DEBIT D'ABSORPTION SPECIFIQUE DE L'EXPOSITION HUMAINE
AUX CHAMPS RADIOFREQUENCES PRODUITS PAR LES DISPOSITIFS
DE COMMUNICATIONS SANS FIL TENUS A LA MAIN OU PORTES PRES

DU CORPS -

Partie 1: Dispositifs utilisés a proximité de I'oreille
(Plage de fréquences de 300 MHz a 6 GHz)

1 Domaine d’application

mesurage du DAS maximal moyenné induit & I'intérieur d’'un
une reproductibilité définie. Elle s'applique a certains dispesiti
les téléphones mobiles, les téléphones sans fil, les casque

électromagnétiques (EMF) et qui sont utilisés tenus contre~orej

étant pfoches de la téte. Ces protocoles et procé imation
prudentge avec une incertitude limitée pour le DA éte pour
une grahde maijorité de personnes lors age de
fréquenges applicable s’étend de 300

2 Références normatives

Les dodquments suivants £ ou en
partie, fans le présent d our les
référenges datées, se¢ ées, la
dernierg édition d:do ements).
ISO/IEQ 17043:20 = pant les
essais d'aptitude

ISO/IEQ ratoires
d'étalon

3 Ten

Pour leq

besoins du présent document, les termes et définitions suivants s’appliquent.

3.1

isotropie axiale
écart maximal du DAS mesuré lors de la rotation autour de I'axe principal de la sonde tandis
que cette derniére est exposée a une onde se propageant dans une direction le long de son

axe prin

3.2

cipal

puissance conduite
puissance fournie par I'amplificateur de puissance a une charge adaptée

3.3

bande de fréquences
plage de fréquences d’émission associée a un mode de fonctionnement sans fil spécifique

M pour le
dte avec
els que
E champs
ures rayonnantes


https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

- 240 - IEC 62209-1:2016 © IEC 2016

Note 1 a l'article: La bande de fréquences est généralement spécifiée en utilisant des valeurs arrondies;
cependant, I'allocation de fréquence réelle peut étre légerement différente, par exemple, la bande GSM de
850 MHz utilise en fait 824 MHz a 849 MHz et 869 MHz a 894 MHz, |la bande GSM de 900 MHz utilise en fait
880 MHz a 915 MHz et 925 MHz a 960 MHz.

3.4

restriction de base

limites de conformité de I'exposition de 'homme aux champs électriques, magnétiques et
électromagnétiques variables dans le temps, mesurées a l'intérieur du corps et basées sur
des effets néfastes établis sur la santé

Note 1 a l'article: Dans la plage de fréquences traitée par la présente Norme, la grandeur physique utilisée
comme restriction de base est le débit d’absorption spécifique (DAS).

3.5
effet de proximité de bord

<sonde? modification de la sensibilité d’'une sonde de champ électrig mité de
la sond¢ est située a moins d’un diamétre de I'extrémité de la sondé ilfeu

Note 1 a [article: Cet effet est causé par la distorsion du champ diffracté a ‘extrémité son de la
surface dy fantéme diélectrique a proximité. Cet effet peut étre compeng€ pqur i i la sonde

par rappoft a la surface du fantéme.

3.6

canal

canal RF

subdividion spécifique de la plage /de\frég tres de

fonctionhement d’'une technologie san

Note 1 a ['article: Le nombre de canaux RF ef{la largeur dg canal peuvent varier en fonction de chaque
technologdfie sans fil. Pour les besoins de la prégente 8S M ages de DAS sont effectués sur d¢s canaux
spécifiqugs; par exemple, les cgriavx supérieyr, gentra inférieyr de la bande d’émission.

3.7
signaux corrélés <dans

champs| électroméganéti i des formes d'ondes de signaux distincts, produisant
une intégrale de &|at i

Note 1 a J'article: P, bgrale est
définie comme:
4 7
F®F,)\r,t)= lim — | Fy(r,¢)" - Fo(r,t + )d7 1
(Fy 2X)T%w2T_J‘T1() 2 ) (1)
ou r esf le wecte localisation, I'exposant + représente I'opération de conjugaison complgdxe et le

symbole -|représente I'Opgfation de produit intérieur.

Noter que—deux Thamps Tre SOt pas ComMeles o des emptacements dars—tesquets—its—somt—geometriquement
orthogonaux. Cette propriété ne correspond généralement pas aux points avoisinants a moins que les formes
d'onde respectives soient non corrélées [62].

Dans le cas de signaux scalaires, les formes d'ondes de signaux corrélés produisent une intégrale de corrélation
temps-domaine non nulle & un instant donné. Pour deux signaux s1(t), sz(t), de puissance limitée, ladite intégrale
est définie comme:

T
(1@52))= fm - [ sal e @

ou I'exposant + représente I'opération de conjugaison complexe.

Note 2 a l'article: Deux signaux non corrélés présenteraient une intégrale de corrélation de fuite, c'est-a-dire
l'intégrale ci-dessus est égale a zéro.

Note 3 a I'article: Les Formules (1) et (2) sont a I'origine spécifiées dans I'lEC TR 62630 [62].
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3.8

support de dispositif

fixation fabriquée en un matériau a faible perte diélectrique, utilisée pour maintenir le
dispositif en essai dans la position d'essai exigée pendant le mesurage de DAS

3.9

dispositif en essai DUT

dispositif qui est soumis a I’essai conformément aux procédures spécifiées dans la présente
Norme pour déterminer le débit d'absorption spécifique

Note 1 a l'article: L’abréviation «<DUT» est dérivée du terme anglais développé correspondant «device under test».

3.10
constarLte diélectrique
partie réelle de la permittivité relative complexe du matériau avec per

3.11
facteur|de charge

rapport|de la durée de l'impulsion sur la période de
périodiques

bulsions

3.12
essai rapide de DAS

<mesurages> utilisation de technig rithmes
spéciauik pour diminuer le temps de
Note 1 a |'article: Les méthodes rapides de DAS ne sati pbrmatives

de la prégente Norme. Les procédures rapides

3.13
essai complet de DA
<mesurages> utilisatip

pleinement a toute
spécifiéps en 6..

éddres et matériel spécifique qui satisfont
de la présente Norme, a I’exception de celles

3.14

combinjé

<disposjtif dg i ans fil> dispositif tenu a la main destiné a fonctipnner a
proximité de\'orei i en une sortie acoustique ou un écouteur et en une entrée
acoustig N icrophone, et contenant un émetteur et un récepteur radio

Note 1 a mes "mobile" et "portable" ont des significations spécifiques mais génériques dans
I'lEC 600 eapable de fonctionner en déplacement (IEV 151-16-46); portable: capable d'Btre porté
par une |pefsonhe se (IEV 151-16-47). Le terme "portable" implique souvent [|'aptitude additipnnelle a

fonctionng¢rien” étant porté. Ces définitions sont utilisées alternativement dans différentes réglementatigns sur le
sans-fil et Tes spécifications industrielles, en se reférant dans certains cas aux types de dispositits sans fil et dans
d’autres cas, aux utilisations prévues.

3.15

dispositif installé sur la téte

casque

dispositif destiné a fonctionner a proximité du co6té de la téte, consistant en une sortie
acoustique ou un écouteur et un microphone, contenant un émetteur et un récepteur radio, et
maintenu en position sur ou autour de l'oreille par des supports mécaniques, par exemple
autour de la téte. Un dispositif installé sur la téte (casque) est congu pour étre utilisé contre
I'oreille mais ne péneétre ni dans le pavillon ni dans le canal auditif. Pour toutes les
applications pratiques de la présente Norme, il est considéré comme un combiné étant donné
qu’il contient les mémes composants de base et remplit les mémes fonctions de base

Note 1 a l'article: Lorsque le dispositif en essai est installé sur la téte (casque), I'utilisateur doit comprendre que
le terme combiné désigne un dispositif installé sur la téte dans le contexte de la présente Norme.
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Note 2 a l'article: Un dispositif installé sur la téte qui est destiné a étre utilisé d'une fagon autre que celles prises
en compte pour les essais avec fantome SAM détaillés dans la présente Norme ne reléve pas du domaine
d'application de la présente Norme (par exemple, un écouteur bouton).

3.16

isotropie hémisphérique

écart maximal du DAS mesuré quand la sonde est en rotation sur son axe principal tandis
gu’elle est exposée a une onde de référence ayant différents angles d’incidence par rapport a
I’axe de la sonde et une incidence dans le demi-espace face a la sonde

3.17

erreur de linéarité
écart maximal d’'une grandeur mesurée par rapport aux valeurs prévues définies par une ligne
de référgnce sur retendue de mesure

3.18
multibande
<disposjtif sans fil> capable de fonctionner dans plus d’'une ba

3.19
mode dle fonctionnement
protoco

termina

n autre

Note 1 a t ceux-ci

peuvent tifs. Des
exemples e élargie,

Bluetoothl®, Wi-Fi® et d'autres.3 Chacun de ces'modes pe i i ‘émissi i lui sont
associéeq.

3.20
DAS maxi
DAS ml
masse d’

u d'une
ube

Note 1 a |

Note 2 a ||
de 1 get

mes DAS

3.21
profonde
<pour U
onde pl
au-dess

t) d'une
ur juste

ousde-la~surface du milieu avec pertes

Note 1 a Yarticte—Pour—unme—ondeptame—incidenteperpendicutaire—surumdemi=espace ptam—ta puufundeur de

pénétration O est donnée par la Formule (3):

, 2
5= | Hobréo 1+[ o j 1 (3)
2] 2

3 Bluetooth est I’appellation commerciale d’'un produit distribué par Bluetooth SIG. WiFi est I'appellation
commerciale d’un produit distribué par Wi-Fi Alliance. Cette information est donnée a l'intention des utilisateurs
du présent document et ne signifie nullement que IEC approuve ou recommande I'emploi exclusif du produit
ainsi désigné. Des produits équivalents peuvent étre utilisés s’il est démontré qu’ils conduisent aux mémes
résultats.


https://iecnorm.com/api/?name=6ae404cf772691bbb2258e0d8fc31daa

IEC 62209-1:2016 © IEC 2016 — 243 -

3.22
fantome

modéle physique similaire en apparence a I'anatomie humaine et composé de matériaux

ayant des propriétés électriques similaires aux tissus correspondants

Note 1 a l'article: Un fantdme représentant la téte de I'homme peut étre un modéle sphérique simple ou un

modéle anthropomorphique a tissus multiples plus complexe.

3.23
pavillon de I'oreille

partie cartilagineuse extérieure de l'oreille, consistant en I’hélix, le lobe et I'anthélix

3.24

dispos:rif muni d'un bouton poussoir pour parler

émettedr-récepteur radio tenu a la main sur lequel I'utilisateur active” u mudate
basculef entre I'émission et la réception radio (mode de fonctionneménrbtsimplex
EXEMPLE Une radio bidirectionnelle.

3.25

isotropje de la sonde

mesure|dans laquelle la réponse d’une sonde de champ él de ¢hamp mag
est indépendante de la polarisation et de la direction| de/propagatio ‘onde incident

3.26
lecture |électronique
compospnt du systéme de mesure

champ E et qui fol

post-prqcesseur du systéme de mesufe une coqve Q_analogique—numeérique des

mesurées

3.27
temps de réponse
temps récessaire~a
une variation du

3.28
systéme

systéme i tomatique capable de placer la sonde de mesure

position

3.29
sensibilité
<d’un s

ur pour

nétique
e

rnit au

valeurs

e aprés

a des

mesure> rapport de 'amplitude de la réponse du systéme (par €

xemple,

tension) surA’amplitude de la grandeur mesurée (exemple: carré d’'un champ électriqucf)

3.30
débit d’absorption spécifique, DAS

le DAS dans le liquide équivalent aux tissus peut étre déterminé par la vitesse d'élévation de

la température ou par les mesurages de champ E, selon la Formule (4) ou (5):
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ou
DAS est le débit d'absorption spécifique en W/kg;

E est la valeur efficace du champ électrique dans le milieu équivalent aux tissus en
V/m;
est la conductivité électrique du milieu équivalent aux tissus en S/m;

P est la masse volumique du milieu équivalent aux tissus en kg/m3;

ch est la capacité thermique massique du milieu équivalent aux tissus en J/( kg K);

dar

M est la dérivée initiale en fonction du temps de la température dans le milieu
t
t=0

equivalent aux tssus en n\/s.

3.31

3.31.1
incertitude-type
écart-type estimé du résultat d’'un mesurage, égal a la racine R iti ariance
estimée

ncertitude

3.31.2
incertitude composée
écart-type estimé du résultat d’'un mesurage G ombinant les incertitudgs-types
individuglles des évaluations de typg A n@il'st la méthode usielle de
"somme quadratique" de combinaison d’'ésg ¢“sont pbtenus en utilisant la racine
carrée positive des variances estimées

3.31.3
incertitide élargie
grandeyr définissant un In - : at d’'un mesurage et qui est considérée
comme |englobant une “\distri ans un intervalle de confiance de¢fini qui

pourraignt étre raifon
3.32

évaluat
<type Ap é {i . par l'analyse statistique d'une série d'obsefvations
(mesurg

3.33

évaluat

<type B S incertitude par des moyens autres que l'analyse statistique d'une
série d'observations (pesurages)

4 Symboles et abréviations

4.1 Grandeurs physiques

Le Systéme international d’'unités Sl est utilisé dans la présente Norme.

Symbole Grandeur Unité Dimensions

a Coefficient d’atténuation inverse du meétre 1/m

c Capacité thermique massique joule par kilogramme par kelvin | J/(kg K)

h

Champ électrique volt par métre V/m

Fréquence hertz Hz

J Densité de courant ampére par metre carré A/m?2
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Symbole Grandeur Unité Dimensions

P Puissance absorbée moyenne watt w

(temporelle)

T Température kelvin K

P Permittivité farad par métre F/m

A Longueur d’onde metre m

S Profondeur de pénétration metre m

o Conductivité électrique siemens par meétre S/m
NOTE Dfans la presente Norme, la température est exprimée en degres/ CelsSius deflnis par:

T (°C) = 1] (K) - 273,15.

4.2 Clonstantes

Symbole Constante physique

Mo Impédance intrinséque de I'’espace libre

£ Permittivité de I'’espace libre 854

4.3 Abréviations /[\

Abréviation Francgais f\ \// /\ Anglais

APS DAS maximal moyenné abso@ (\\ >abso(uteKme)ak‘sp(tial-average SAR

CAO conception assistée par ordinateur \‘@D,Wf aided design

ERP point de référence de I'oreiller \ eab&ﬁference point

DUT dispositif en es;{i \ \\ Wunder test

RF radiofréquenc& ( \) \}Qdio frequency

RMS valeur effiPaQe N (\ \J root mean square

RSS somme ququatiqk> \ root sum square

SAM maﬂ\nyﬁﬂ%throp&qorp e sr}éQfMe specific anthropomorphic mannequin

WLAN résey{&cal\sgns\ﬂ \/\ wireless local area network

GSM sys{émé\ghs@l}\ccwnons mobiles | global system for mobile communications

GPRS service géheralnde radiocommunication par general packet radio service
paque

EDGE < é§M ébit a\rqélioré enhanced data rates for GSM evolution

cw o% eNM continuous wave

AMRT awmle par répartition temporelle TDMA, time division multiple access

AMRC acces multiple par répartition en code CDMA, code division multiple access

WCDMA AMRC a bande élargie wideband code division multiple access

OFDM multiplexage par répartition orthogonale de orthogonal frequency-division multiplexing
la fréquence

DCS service de téléphonie cellulaire numérique digital cellular service

PCS service de communications personnelles personal communications service

UMTS systéme universel de télécommunications universal mobile telecommunications
mobiles system

WiMax interopérabilité mondiale des accés worldwide interoperability for microwave
d'hyperfréquences access

PDF fonction de densité de probabilité probability density function

DAS débit d'absorption spécifique SAR, specific absorption rate

psSAR DAS maximal moyenné peak spatial-average SAR

STBC code de bloc espace-temps space-time block code
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Abréviation Francais Anglais
MIMO entrées multiples, sorties multiples multiple input multiple output
TEM transverse électrique et magnétique transverse electric and magnetic
FDTD différences finies dans le domaine temporel | finite-difference time-domain
5 Spécifications du systéme de mesure
5.1 Exigences générales
Un systéme de mesure de DAS est composé du fantdbme SAM (un modéle de téte humaine)

rempli avec un liquide équivalent aux tissus, d’'une instrumentation électronique de mesure,

d’un sygteme de balayage et d'un support de DUT.

Le DAB doit étre mesuré en utilisant une sonde miniat itionnée

automafiquement pour mesurer la dlstrlbutlon mterne du champ fantonpe SAM

représe i le DUT.

La téte tant les

propriétg iscosité

pour pe| AS et la

valeur ( hamp E

mesurés

Les esp nditions

d'enviro

a) Lat ivent étre
dansg e de la
tem

b) Ava A liquide équivalent aux tissus et |le DAS,
le QUT, I'équipemg i iqui fantdme doivent avoir été conservés au
labgratoire assez 9 que leurs températures se soient stabilisées (c’est-a-
dire|qu’ils n ' yjri-et¢ deépfacés récemment depuis une autre zong a une
température ambja iffé gu’un réfrigérateur ou un espace de stockagge).

c) Lat es mesurages de DAS ne doit pas varier de|plus de
2 °C nedifférence de température correspondant a une varigtion de
5% aleur la plus faible) par rapport a celle a laquelle les prppriétés
diélg surées. Si la variation de température dépasse cette valeur, les
prop doivent faire I'objet d'un nouveau mesurage. Voir 7.2.§.6 pour
déte de sensibilité de la température du liquide.

d) L’eflet des-reflexions des cables, de I'équipement d'essai ou d'autres réflecteurs goit étre
déterminé’par procédure de contréle du systéme DAS décrite a I'Article D.2,|avec la
présence ou non des réflecteurs ou, le cas échéant, avec le positionnement judigieux de
matériaux absorbants et/ou I'utilisation de perles de ferrite sur les cables.

e) Les mesurages de DAS des dispositifs d'essai ne doivent étre effectués que lorsque les

effets des réflexions, des émetteurs RF secondaires, etc., donnent lieu a un DAS maximal
moyenné (pour une masse de 1 g ou 10 g, suivant la valeur applicable a I'essai) inférieur
a 0,012 W/kg en mesurant le DAS maximal moyenné a (environ) 0,4 W/kg (utilisé pour
établir la limite de détection minimale de 3 %, voir 7.2.9). Lorsque I'effet des cables et des
réflecteurs est supérieur a 0,012 W/kg, des perles de ferrite, des absorbeurs RF et
d'autres techniques d'atténuation doivent étre appliqués pour réduire I'erreur de DAS. Si la
limite précédente ne peut étre atteinte, une valeur supérieure a 3 % (0,012 W/kg) doit étre
prise en compte dans le bilan d’incertitude dans la colonne "conditions ambiantes RF —
réflexions" des tableaux applicables, a condition qu'il puisse étre démontré que la
contribution de DAS en raison des réflexions déterminées par la procédure de contréle du
systeme est inférieure a 10 % du DAS mesuré pour le dispositif d’essai. Les exigences
liées aux réflexions doivent étre vérifiées au moins chaque année ou chaque fois que le
contréle du systeme indique des résultats inattendus.
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Au cours de I'essai, le DUT ne doit pas étre connecté a un réseau sans fil quelconque, sauf a
un simulateur de station de base dans le laboratoire.

La validation d’un systéme selon le protocole défini a I'Article D.3 doit étre effectuée au moins
une fois par an, et lors de la mise en exploitation d’'un nouveau systéme ou lors de chaque
modification du systéme, telle qu’une nouvelle version de logiciel, I'introduction d’un type ou
une version différente de lecture électronique ou de sondes différentes. Les sources
normalisées utilisées pour la validation du systéme doivent étre congcues et validées pour
satisfaire aux exigences spécifiées dans I'Annexe D. Des sources supplémentaires de types
dipbles et guides d'ondes a des fréquences spécifiques ne figurant actuellement pas dans les
Tableaux D.1, D2, G.1 et G.2 peuvent étre utilisées en tant que sources normalisées a
condition qu’elles satisfassent aux exigences spécifiées au D.3.6 et a I'Annexe G.

Le systéme de mesure doit étre validé comme un systéme complet. L'étalonnagende-lp sonde

séparément du systéme est permis, sous réserve que les carastéristi Slectriques
d'interfdce entre la sonde et la lecture électronique soient spécifié z i yre lors
des mesurages. La ou les sondes doivent étre étalonnées avec u ifi i que, un
disposit|f de mesure et un systéme d'acquisition de données{ La \ stalonnée
dans u S ionnement

La limit g y imite de
détection maximale doit étre supérieure a 100 MTKO. L2 ibihité i i h sonde
doivent [étre déterminées dans le liquide é 3 ' . L S ge de la
sonde doit étre spécifié. Le diamétre &xtérie e gpasser
8 mm dpns la zone des éléments de 2que inféri 3gales a
2 GHz ori i bnde ne
doit pag dépasser A/3, ou A est la Ionueu 3 iquide. iame ‘extrémité
de la sonde peut étre plusN , i & g : i dcifiques
sont sa i

Un diamétre plus grangd gptable s’il peut étre démontré que le champ E de
toute distributio@; f i é : i ctieure a
+15 % ( la‘syrface du fantdme, comme indiqué dans le Tablegau 1, ou
aux dist imé aleur la
plus fail résente
Norme ode de

détermi ipnales.

Lorsque
le syste
partie,
présentg Norme.

es pour
bu de la
s de la

5.2 Spécifications du fantome (enveloppe et liquide)

La présente Norme fournit des procédures d’essai pour un fantdme SAM a bissection
sagittale uniquement orienté horizontalement. Dans la configuration typique d’un fantdéme a
bissection sagittale, chaque moitié du modele de téte est placée sur son cbté, et le DUT est
placé au-dessous. Les fantdmes qui ne peuvent pas utiliser les procédures contenues dans le
présent document ne relévent pas du domaine d’application de la présente Norme.

Le fantdme doit étre rempli avec du liquide équivalent aux tissus de la téte et ayant les
propriétés diélectriques exigées.

Pour réduire le plus possible les réflexions de la surface supérieure du liquide équivalent aux
tissus, il convient que la profondeur du liquide soit d’au moins 15cm, qui est
approximativement la distance entre les oreilles d’une téte humaine donnée. Une profondeur
de liquide de moins de 15 cm ne peut étre utilisée que s’il est démontré (par exemple, en
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utilisant des simulations numériques) que I'effet sur le DAS maximal moyenné est inférieur a
1 % dans les conditions les plus défavorables. S’il est supérieur a 1 % mais inférieur a 3 %,
I'incertitude de la valeur la plus défavorable issue de la démonstration doit étre ajoutée au
bilan d’incertitude.

Les paramétres diélectriques doivent étre évalués et comparés aux valeurs présentées dans
le Tableau A.3 en utilisant une interpolation linéaire. Ce mesurage peut étre effectué en
utilisant I'équipement et les procédures décrits a I'Annexe J. Les propriétés diélectriques
mesurées, et non les valeurs du Tableau A.3, doivent étre utilisées pour les calculs du DAS.

NOTE Voir 6.2.1 pour les variations permises entre les parametres diélectriques mesurés et ceux du Tableau A.3,
comme défini pour les besoins de la présente Norme.

Au mouhs trois points de référence doivent étre définis sur le fantom par fabricant du
fantdm¢g afin d’aligner le systeme de balayage avec le fantdéme. ivent étre
visibles|par l'utilisateur, incluant au moins 80 % de la face supérie et étre
espacég d’au moins 20 cm. Les spécifications pour le fantdme et leNiqw i 5 tissus
de la téle sont présentées dans ’Annexe A.

La justification du choix du modéle spécifique de fantd
dans la |présente Norme est basée sur les criteres suiva

1) décrit

a) Lel ttendue
dans sexe ou
de llappartenance ethnique, au co

b) Les vu chez

des [utilisateurs réels.

c) Le fantdbme doit permettre un pos . 3pé i itif pour les
mesjurages de DAS ilfté et la
reprpductibilité démontcé

d) Lef

e) Lef futures
de d biné.

Sur la érience

actuelle gsus, en

particuh éel, est

une fon¢

1) tailld

2) parg
I'en

et de

3) taillg,fofrme, emplacement et propriétés du matériau de pavillon de I'oreille;

4) exclusion de la main pour mesurer le DAS dans la téte (voir Annexe N).
5.3 Main et support de dispositif

Pendant un fonctionnement normal, la téte et la main sont dans le champ proche du DUT
lorsqu’il est utilisé a cb6té de I'oreille et donc, absorbent toutes deux de I’énergie. Pour les
extrémités telles que la main, une limite de DAS plus élevée est tolérée, c’est-a-dire, une
valeur de 4 W/kg moyennée sur 10 g de tissu dans les lignes directrices ICNIRP pour
I'exposition RF [64] et la Norme IEEE Std C95.1-2005 [65]. Des études numériques et
expérimentales ont montré que le DAS dans la main aux niveaux de puissance utilisés par
des combinés n’est pas censé dépasser ces limites (Francavilla et al. [43], Gandhi et al. [52],
Jensen et Rahmat-Samii [69], [70], Kuster et al. [83], Watanabe et al. [149]). De plus, aucun
fantbme pratique pour le mesurage de DAS dans la main n’est actuellement disponible. Par
conséquent, le mesurage de DAS dans la main n’est pas traité dans la présente Norme.
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L'influence d’'une main tenant un combiné sur la téte pendant les mesurages de DAS a été
examinée dans I'lEEE Std 1528-2013 [66]. Les travaux antérieurs de Balzano et al. [2] et
Kuster et al. [83] ont indiqué que la présence de la main a diminué ou n’a pas eu d’effet
significatif sur le DAS de la téte, bien que des résultats numériques de Meyer et al. en 2001
[105] ont mis en évidence un cas avec une augmentation de 7 % du DAS de la téte due a la
main. Il a été conclu que ces écarts de DAS de la téte sont compatibles avec le niveau de
prudence correspondant au fantdbme SAM. Sur la base de ces études, I'exclusion de la main
des procédures d’essai conduit a une surestimation du DAS de la téte dans la majorité des
cas, comme le confirment des résultats récents de recherches [4], [5], [77] sur les niveaux de
DAS de combinés. Pour ces raisons, les modéles de main ne sont pas pris en compte dans la
présente Norme.

L’état dgs—recherches—dosimétricques—surteffetde—ta—r S - e . duitpar
des combinés est présenté dans I'Annexe N. Ces recherches démontrer i des cas
dans legquels le DAS produit par des combinés dans le fantdme enter et

également diminuer significativement lorsque la main tient le combj

de conpbinés, de bandes de fonctionnement et de prises. de\ mg spécifiqugs. Ces
observations initiales ont montré que le fantéme SAM a lui s j timer le
DAS de la téte dans un certain nombre de cas statistiqug i jcati ragport au

momeny ou la main est présente pour le mesurage.
investightions complémentaires, ce qui pourrait entraine jcation tures dans cette
pratiqusg

54 E

Le syst dlayer les régions de|mesure
exigées aluer la
distribufion tridimensionnelle du DAS/ La toléranc positionnement de l'extrémiié de la

sonde 3 >8olution du positionnement doit étre
<1 mm/ L’exactitude du Ju systéme de balayage exige dg vérifier
les points de référence du sfinispar le fapficant du fantéme.

5.5 Spécifica@

Le support de dispogiti ' e positionner le DUT conformément aux définitions
donnée S [ mittivité:
tangent

Du fait dlu.cotplage~ady-BUT s urnisse
la quankté minima tenir la
position| exigé : mette a

'opérateur dg ou un
i ction du
juer les
d'essai

support|deddispositif avec des boutons et des capteurs sur le DUT, il convient d’appli
décalag derpositio o are—¢ca tre—directio orédéfimepourobtent apositio

exigée du DUT.

Les incertitudes de positionnement doivent étre estimées en suivant les procédures décrites
en 7.2.5.

Afin de vérifier que le support de dispositif ne perturbe pas le DAS, un essai de substitution
doit étre conduit en soutenant le combiné d’essai avec des blocs de mousse a faible perte et
a faible permittivité relative, contre un fantéme plan (voir 7.2.5.2).

5.6 Caractéristiques de la lecture électronique

La sortie de la sonde est traitée par la lecture électronique et I'équipement de mesure associé
qui combinent les tensions provenant des capteurs de la sonde pour fournir une sortie qui est
proportionnelle a I'amplitude quadratique du champ E incident sur les capteurs. Des diodes
de détecteur au niveau du point d'alimentation du dipdle sont utilisées pour corriger les
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tensions des capteurs. Les signaux corrigés sont transmis par l'intermédiaire de lignes (RF
transparentes) de résistance au systéme de lecture électronique. Pour un signal a onde
entretenue a faibles niveaux d'intensité de champ, la sortie de la sonde est proportionnelle a
I'amplitude quadratique du champ E incident; a des niveaux de signal plus élevés (au-dessus
du point de compression de la diode), la sortie n'est pas linéairement proportionnelle a |E|2,
mais devient proportionnelle a |E|. Cette compression du signal donne lieu a une sous-
estimation du DAS réel dans des conditions de haute intensité de champ si elle n'est pas
compensée correctement par I'étalonnage de la sonde. De méme les amplificateurs contenus
dans la lecture électronique peuvent s’écarter d'une réponse linéaire idéale et créer une
incertitude supplémentaire.

Pour les incertitudes associées a la lecture électronique de la sonde, voir 7.2.2.6.

6 Prqgtocole pour I’évaluation du DAS

6.1 Généralités

Il convient d’'effectuer tous les mesurages sur la base de - bratoire,
par exemple conformément a I'lSO/IEC 17025 ou a toute o Ocale ou njationale
relative|a la certification des dispositifs. La présente No ' mations
nécessgires pour configurer les combinés sans fil pg cifiques,
y comp ébit de
données

6.2 Préparation des mesurages
6.2.1
Les propriétés diélectrique es dans

les 24 H précédant les m € 1S pe. Des
mesurages diélectriques ' buver la

conformité au Takleaul A.3 mesure
allant jusqu’a u mai
les paramétres i

He 48 h,
sais de
combind

Les ligui equi issus doivent produire des valeurs mesurées de penmittivité
relative i DAS est
mesuré isé pour corriger le DAS mesuré pour les écarts de permittivité
et de c ent les valeurs de permittivité relative et de conductivité|doivent
ection pour l'écart des parametres diélectriques (voir 7.2.7) est

Un contréfe—du systeme—setontes pluuédwca detHAnmexeD—doit&tre—effectué—danses 24 h
qui précédent la réalisation des mesurages de DAS pour un DUT. L’objet du contréle du
systéme est de vérifier que le systéme fonctionne dans les limites de ses spécifications aux
fréquences d'essai. Le contréle du systeme consiste en un essai de répétabilité avec une
source étalonnée pour vérifier que le systéme fonctionne correctement pendant I'essai de
conformité. Le contréle du systeme doit étre effectué afin de détecter les dérives possibles
sur une période courte et les autres incertitudes provenant du systéme, telles que:

a) modifications inacceptables des parameétres du liquide, par exemple du fait de
I’évaporation de I’eau ou de variations de température;

b) défaillances de composant;

c) dérives de composant;

d) erreurs de I'opérateur dans le paramétrage du logiciel;

e) conditions d'environnement défavorables pour le systéme, par exemple un brouillage
radioélectrique.
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La procédure de contréle du systéme doit étre effectuée sur le méme systéme de mesure de
DAS, avec la ou les mémes sondes de DAS et le méme liquide équivalent aux tissus que pour
I’évaluation de DAS du dispositif pour chaque bande de fréquences soumise a 'essai.

6.2.2 Préparation du dispositif en essai (DUT) sans fil

Les antennes, batteries et accessoires doivent étre ceux spécifiés par le fabricant et
documentés dans le rapport de mesure. La charge de la batterie doit étre compléete avant
chaque mesurage et la batterie doit étre sans connexion ou cable externe.

Pour les technologies 3G/4G, la puissance de sortie RF et la fréquence (canal) doivent étre
commandées par une liaison sans f|| a une station de base ou un S|mulateur de réseau. Pour
les res AUX : ¢ nternes

a exactément les mémes caractéristiques mécaniques et électriques\gue %€l soumis
a I'essay. S S 3cha age sur

les vers

Le DUT aximale
moyennié ectué a
un nive s iels et les
variations de productlon Le DAS me 4. i IS & i e sortie

elle doit
nnés du
ec une
ssibilité

maxima
étre dog
DUT dqi
batterie

Pour ce| issance
de sorti selon la
largeur |de band créte a

ieux des

puissanfe moyenrg :
rage de DAS. Lorsqu'un schéma de duplexage par

configurations de di§

répartiti est/utilisé, les signaux de liaison montante et dg liaison
desceng équence, généralement dans des ordres aléatoires avec
des fac : griodiques. Il est important que ces facteurs soient|pris en
compte echnhofogies sans fil afin d’assurer que le DAS est correctement
mesuré - puissance de sortie de dispositifs IEEE Std 802.11 (Wi-F{/WLAN)

pendant urage~de ’DAS est généralement définie par un logiciel d’essai ay niveau
maxima gulation et le débit de données correspondants. Le logiciel| d’essai
configune également te dispositif pour émettre avec un facteur de charge périodique fixe afin
de pernjettre le mesurage correct du DAS. Il peut étre nécessaire de mettre a I'échellg le DAS
mesuré a un facteur de charge de transmission plus €levé cofrespondant a lexposition
maximale prévue pendant l'utilisation réelle. Pour les combinés avec la fonctionnalité Wi-Fi, la
modulation de l'ordre le plus faible est généralement censée présenter le rapport puissance
de créte a puissance moyenne le plus faible et présente généralement la puissance de sortie
maximale moyenne la plus élevée. Par conséquent, le cas échéant, la modulation de I'ordre le
plus faible doit étre soumise a I'essai afin d’assurer le niveau de prudence et éviter les
erreurs de mesure de DAS dues a des rapports élevés de puissance de créte a puissance
moyenne. Des considérations supplémentaires relatives au mesurage et a I'étalonnage de la
sonde peuvent étre exigées pour les canaux IEEE Std 802.11ac a 160 MHz.

6.2.3 Modes de fonctionnement
6.2.3.1 Généralités

Les technologies sans fil utilisées par le DUT déterminent le mode de fonctionnement et le
type de signaux (fréquence, schéma de modulation, puissance de sortie, etc.) utilisés pour les
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essais de DAS. Tous les modes de fonctionnement applicables prévus pour I'utilisation du
dispositif a proximité de [l'oreille doivent étre pris en considération pour les essais.
Le paragraphe 6.7.2 fournit une procédure de réduction de [I'essai pour les modes
fonctionnant avec la méme technologie et a la méme bande de fréquences. Les
caractéristiques de signal des modes de fonctionnement peuvent étre décrites comme indiqué
de 6.2.3.2 a 6.2.3.4. Pour les dispositifs qui ne fonctionnent pas avec un facteur de charge
périodique, un logiciel ou équipement d’essai spécial est généralement exigé pour configurer
le DUT pour émettre avec un facteur de charge périodique maximal avant de réaliser le
mesurage de DAS.

6.2.3.2 Modes de fonctionnement a enveloppe constante (modulations analogiques)

Un DUT; lgppant-dans—desmodes—danslesqgus ighar—d: domaine
temporg| est constante par exemple, des modes AMRF (acces multip gparfition de
fréquenge), doit étre soumis a I’essai avec un signal (porteuse) équivalent utilisant
des codgs d’essai ou un simulateur de station de base.

6.2.3.3 Modes de fonctionnement AMRT (enveloppe d’im

utilisant

Un DUT fonctionnant en mode AMRT peut émettre de Ia
' les modes de

des ndmbres d’intervalles différents. Suivant le

fonctionhement de données utilisant des modulationg” d’ordressuperi onner a
une pulssance de sortie réduite pour prendre apports plus élgvés de
puissanf i EDGE. Si des modes de
fonction 2 : ’vocaux, par exemple dans
certaineg i i i : de tansfeyt bibande GSM/GPRS/EDGE,
le nomb ‘i i ie Ta—plus élevée pour la paro|e et les
données i é i ‘ onfiguration des conditions d’gmission
simultané ité i

S’il n’eqt pas possible de iti facon a fonctionner a sa puissance de
sortie maximale moyenn conditiens” a intervalles de temps multiples [pour la

itations de I'équipement d’essai, I'essai qoit étre
le de temps unique a condition que les nésultats
d’intervalles qui peuvent étre émis. Une différence

parole ¢t/ou les
conduit €
soient mi

de puisp s des conditions a intervalle unique et a infervalles
multiple a compte dans la mise a I’échelle. Il doit étre dé¢montré
que la mi ¢ AS “est linéaire ou proche de la linéarité en fonction de la
puissan S i€ tribution de DAS relative est indépendante de la pdissance
de sorti DAS et la puissance de sortie doit étre documentée |dans le

rapport i AS conformément a la procédure de mise a I’échelle décrite en 6.2.3.5.

6.2.3.4 Modes.de fonctionnement numériques avec amplitude aléatoire et
modulation de phase

Pour un DUT employé dans des modes de fonctionnement qui utilisent ’TAMRC a spectre étalé,
le multiplexage par répartition orthogonale de la fréquence (OFDM) ou d’autres schémas de
modulation dans lesquels I'enveloppe du signal varie de fagon aléatoire en fonction du temps,
la puissance de sortie varie généralement en raison des variations des rapports puissance de
créte a puissance moyenne dues au débit de données et d’autres paramétres et conditions de
fonctionnement spécifiques a une technologie. Les essais doivent étre réalisés avec un
niveau de puissance de sortie maximale moyenné pris en charge par le DUT et, le cas
échéant, avec un facteur de charge de transmission périodique fixe, par exemple des
systéemes TDD. Dans certains cas, le DUT peut ne pas étre en mesure de maintenir la
puissance maximale moyenne pendant de longues durées en raison des exigences des
rapports valeur de créte sur valeur moyenne et d’autres exigences de conception. Il doit étre
veillé a configurer I’émetteur pour fonctionner a un niveau de puissance de sortie moyenné
acceptable toléré par le DUT et mettre a I'échelle le DAS mesuré au niveau de sortie
moyenné le plus élevé exigé. Des informations sur AMRC 1S-95, comprenant la compensation
de linéarité de sonde, ont été publiées par Di Nallo et Faraone [25]. D’autres informations
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pour AMRC a bande élargie, LTE, etc. ont été récemment communiquées par Nadakuduti
et.al [116].

6.2.3.5 Procédure de mise a I’échelle du DAS pour les variations de puissance ou de
signal

La mise a I’échelle du DAS est I'extrapolation du DAS d'un DUT déterminée avec un signal
d’essai (mody) par rapport & un DAS du méme dispositif, dans la méme position d'essai
d'exposition et le méme canal de fréquences, avec un signal différent (mody). La différence
peut étre dans le niveau de puissance, la modulation, ou les deux. Le rapport de puissance
de sortie RF moyennée de mody et mody doit étre déterminé soit en mesurant la puissance
moyenne pour les e si les

signauxrs 5 points
suivants
a) Le
b) La >entrées
mul iquée.
c) L'ing modulé
mod
d) Le 1 I'étage
d’an
(6)
ou 7 issance de sortie moyennég la plus
élevge. Si les deux si \ : i glé a la
puispance de sorti S :
Le facteur R, doi ple, un
mesprage er@
e) La fréquence port .
f) Le dexbande de signal RF (R,) de mody et mod, satisfhit a la
Forn
BW,
Ry = |—"°9Y 1,100 <30% (7)
BWmodx
g) Les|largedrs dée~bande de canal de mody et mody sont chacune a 5 % de la fregquence
portg¢use. T

Si les exigences mentionnées ci-dessus sont remplies, une mise a I'’échelle du DAS de mody
a mody doit étre effectuée conformément a la Formule (8) et l'incertitude de la mise a
I'échelle spécifiée au 7.2.11:

DASmody = Ro - DASmods, (8)

Si l'approche du présent paragraphe est utilisée, il doit étre indiqué dans le rapport de
mesure que les points de a) a g) sont respectés.

Pour les combinés prenant en charge des modes push-to-talk (dispositifs munis d’'un bouton
poussoir pour parler) et utilisés a proximité de I'oreille, le facteur de charge maximal doit étre
estimé comme étant de 0,5 sur la base de 50 % de parole et de 50 % d’écoute.
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6.2.4 Positionnement du DUT par rapport au fantome
6.2.4.1 Généralités

La présente norme spécifie deux positions d’essai de combiné contre le fantéme de téte — la
position "joue" et la position "inclinée". Ces deux positions d’essai sont définies en 6.2.4.2 et
6.2.4.3, respectivement. Le DUT doit étre soumis a I’essai dans ces deux positions sur les
c6tés gauche et droit du fantdbme SAM. Dans certains cas (par exemple, combinés
asymétriques), les procédures de positionnement de DUT représentant des conditions
d'utilisation prévue (voir 6.2.4.2 et 6.2.4.3) ne peuvent pas étre utilisées. Dans ce cas,
d'autres procédures d'alignement doivent étre adaptées avec tous les détails fournis dans le
rapport d'essai. Ces autres procédures doivent refléter les conditions d’utilisation prévue
aussi fidélement que possible, conformément au contexte des procédures décrites en 6.2.4.2
and 6.2/4.3.

Pour leg il[sés sur
I'oreille ittons et
orientat b celles
définies prévue

Lorsque entrée
acoustid P et M,
respectivement.
Toutes [les informations appropriées swr le 3 i/ré ilisé ivent étre
documentées dans le rapport d’essai.
6.2.4.2 Définition de Ig
La position "joue" est établis

UT avec

a) Si ngcessaire,confi
un gapot pli ouvrir le capot si celui-ci est compatible|avec le
mode "conversati également étre utilisé avec le capot en [position

5" sur le DUT, la ligne centrale verticale et |a ligne

orientation verticale comme représenté sur la Figufe 1. La

€ par deux points sur la face avant du DUT: le point cgntral de

o) comb € au niveau de la sortie acoustique (Point A sur la Figure [1), et le

largeur wy, en bas du combiné (Point B). La ligne honzonfale est

ustique
. aucoup
ambinés, le Point A coincide avec le centre de la sortie acoustique. Cependant la
sortte—acoustique—pettt etre—située II’;III}JUItC otstrta hgre—horizontate—Notet éy lement
que la ligne centrale verticale n’est pas nécessairement paralléle a la face avant du DUT,
en particulier pour les combinés en forme de coquille, les combinés pliables et autres
combinés de forme irréguliére.

c) Placer le DUT a proximité de la surface du fantéme de telle sorte que le Point A soit en
prolongement (virtuel) de la droite passant par les Points RE (oreille droite) et LE (oreille
gauche) sur le fantdbme (voir la Figure 2a et la Figure 2b). Le plan défini par la ligne
centrale verticale et la ligne horizontale du DUT doit étre paralléle au plan sagittal du
fantéme.

d) Déplacer le DUT vers le fantdme le long de la droite passant par RE et LE jusqu’a ce que
le combiné touche l'oreille (voir la Figure 2c).

e) Faire tourner le DUT autour de la ligne (virtuelle) LE-RE jusqu’a ce que la ligne centrale
verticale du DUT soit dans le plan de référence (voir la Figure 2d).

f) Faire tourner le DUT autour de sa ligne centrale verticale jusqu’a ce que le plan défini par
la ligne centrale verticale du DUT et la ligne horizontale soit paralléle a la ligne N-F, puis
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g)

déplacer le DUT vers le fantéme le long de la ligne LE-RE jusqu’a ce que le Point A du
DUT touche l'oreille a 'ERP (point de référence de l'oreille) (voir la Figure 2e).

Tout en maintenant le Point A sur la ligne centrale verticale passant par RE et LE et en
maintenant le DUT en contact avec le pavillon, faire tourner le combiné autour de la ligne
N-F jusqu’a ce qu’un point du DUT soit en contact avec le fantdme, sous le pavillon (joue)
(voir la Figure 2f). Les angles de rotation doivent étre notés.

Tout en maintenant le Point A du DUT en contact avec I'ERP, faire tourner le combiné
autour de la ligne perpendiculaire au plan défini par la ligne centrale verticale du DUT et
la ligne horizontale passant par le Point A du DUT, jusqu’a ce que la ligne centrale
verticale du DUT soit dans le plan de référence (voir la Figure 2g).

Vérifier que la position "joue" est correcte, conformément a la description faite ci-dessous:

e Ia ligne N-F est dans le plan défini par la ligne centrale verticalg du T et|la ligne
Horizontale;

e |e Point A du DUT touche le pavillon a 'ERP;

e |a ligne centrale verticale du DUT est dans le plan de référenc

@C@
8
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wi/2 Vertical centre line
* wy/2
S
a
Acoustic e
output Horizontal line

A

B Acoustic input

N=

* by Bottom of handse
4

Acoustic

output

____ Bottom of handset

IEC

N \Mis Francais

Vetrtical cenw) Ligne centrale verticale
Acpustic output Sortie acoustique

Horizontal line Ligne horizontale

Screen Ecran

Acoustic input Entrée acoustique

Bottom of handset Base du combiné

Légende

w, Largeur du combiné au niveau de la sortie acoustique

w, Largeur a la base du combiné

b
A Point central de la largeur w, du combiné au niveau de la sortie acoustique

B Point central de la largeur w, & la base du combiné
Figure 1 — Lignes de référence verticale et horizontale et Points

de référence A, B sur deux exemples types de dispositifs: un smart phone
avec écran tactile complet (en haut) et un combiné a clavier (en bas)
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PEUE @

NOTE Les points de référence pour I'oreille droite (RE), I'oreille gauche (LE) et |l& bouche
plan de [éférence pour le positionnement de combiné, sont indiqués. Cette positjo
maintenug pour la configuration d’essai sagittale de fantdme représentée a la Figure\A.4)

sagittal plane

IEC

IEC

inissent le
if Pdoit étre

Francais

Hofizontal line Ligne horizontale

Vetrtical cente@& \' A > Ligne centrale verticale

Sapittal W\ \E\v\ Plan sagittal

\Panon de DUT possible contre la téte aprés I’Etape c)

vertical®
centerline

IEC

Anglais Francais

Vertical centerline Ligne centrale verticale

Sagittal plane Plan sagittal

NOTE Les fléeches noires indiquent la direction de déplacement du DUT pour I'Etape d).

Figure 2c — Position du combiné de la Figure 2b aprés application de I’Etape d)
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IEC

Anglais Francais ( (o
Reference plane Plan de référence A( A (\-(\\%‘,
Vertical center line Ligne centrale verticale(\

NOTE Les fleches noires courbées indiquent la direction de rotation du DUT g

Francais

Z

F line

Ligne N-F

Horizontal line

Ligne horizontale

Verti

Ligne centrale verticale

NOTE L

vertical
centerline

IEC

Anglais

Francais

N-F line

Ligne N-F

Horizontal line

Ligne horizontale

Vertical center line

Ligne centrale verticale

NOTE Les fleches noires courbées indiquent la direction de rotation du DUT pour I'Etape g)

Figure 2f — Position du combiné de la Figure 2e aprés application de I’'Etape g)
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]

Reference
Plane

IEC

N
Anglais Fran}& (\

Reference plane

Plan de référence Q \

N-F line

e OSSR,

Hofizontal lin

e

Vertical centerline

NOTE L

Fig
laq

6.2.4.3

a) Répgter les Etapes

Figure 2).

b) Touf en mai
passant par
joue

c) Fair

d) Tou
pasg
est

bme

(voir la

la ligne
in de la

he ligne
inclinée
ailleurs
téte du
lenue si
du DUT
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RE §

Légende

M Poirlt de référence de la bouche
LE Point de référence de I'oreille gauche

RE Poirt de référence de I'oreille droite

Cette posjtion du dispositif doit étre maintenue pendant les réglages d’é¢

Fligure 3 — Position inclinée du dispositif sa auche du SAM

6.2.4.4 Antenne

Pour le . g externes avec des pgositions
variablefs (par exemple, J 28 S S rnée), ceux-ci doivgnt étre
positionnés conformément aux instruions d’util tlon fournies par le fabricant. Si|aucune

position s ent étre réalisés avec I'anfenne(s)
orientég(s) de maniére a Obtenir e itic gosition maximale tout en maintgnant le
disposit|/f dans les positio j ioliné 2.6.2.4.2 et 6.2.4.3. Pour les antennes qui

peuveni étre déployées
totalement rétra
de mesure. Les
DAS.

pyée et
rapport
pour le

6.2.4.5

D’autreq KES i t affecter la puissance de sortie RF ou la distribmtion de
courant I'essai
conform® ple (a)
antenne Iocs de batteries facultatifs qui modifient les performanc s ou le

DAS du|combi A et (c) fils connectés pendant I'utilisation prévue. La communication en
champ proche' ou [esOptions de chargement sans fil n'exigent en général aucun mesyrage de
DAS. IITpeut toutefois étre nécessaire de prendre en compte leur influence vis-a-vis [du DAS
d'autres émetteurs.

6.2.4.6 DUT a facteur de forme différent

Pour les besoins de la présente Norme, le DUT est considéré comme un facteur de forme
(rectangulaire, cubique) de type “barre classique”. Toutefois, les principes de base définis et
spécifiés ici peuvent étre appliqués a d'autres facteurs de forme pour d'autres dispositifs
couverts par le domaine d'application de la présente Norme.

Un dispositif de ce type est un casque sans fil (par exemple relié par Bluetooth) qui peut étre
évalué de la méme maniére que tout autre DUT de la présente Norme en effectuant une mise
en correspondance similaire de la géométrie et des coordonnées de ce dispositif a la
définition du DUT fournie a la Figure 4.
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Vertical Horizontal g Horizontal

' centre line Vertical centre line
centre line B S

Ear support

against phantom b
g p B/'

Ear suﬂport
against phantom

IEC

(

Anglais Frang\a(s N (\
Vetrtical centre line Ligne centrale verticale< \
Hofizontal centre line Ligne centrale hor'og/ﬁ%al\e\ \
Eal support against phantom Support de I’ cye\e\‘&ontrex\&a \me

Les fonctions de base de tout disposijtif qui facilte i » avec la
géométrie et le systéme de coordqorinées utilsé : rennent
I'identification d'un point de sortie aco i du point
central gde la largeur du dispositif et un iveau de la base du dispagsitif, ou
I'emplagement du microphone primaire/est a I' plus proche de la bouche.

D'autreg considérations dontN\ i e t%ompt ici sont les modes de fonctionnement
disponik i ith iesaux de plissance de fonctionnement maximum qui
s'appliquent.

Tous lgs détail ur de forme différent doivent étre entierement
documentés dans te - y compris des diagrammes ou des photographies qui
faciliteraient la de » incipes techniques appropriés doivent étre appliqués pour

mettre ¢ ' poridance d'un dispositif a facteur de forme différentf.

6.2.5

Un DUT it &t onformme aux normes d’exposition applicables a toutes les fréquences
d’émissjon. a conduite des essais pour tous les canaux n’est ni réalisable ni

nécessygire.(L 6.2.5 est de définir un sous-ensemble utilisable de canapx pour
lesquelg Jes mesurages de DAS doivent étre effectués. Ce sous -ensemble de canaux est

H £
ChOlSl du ayuTi a pUUVvVUIn LJGIG\JI.CIIOCI uTl I.IUI aviou I.UUI.U TTUTTTTIC u UI\}JUOILIUII G}J'JII\JGUI

NOTE Dans certains cas de technologie Wi-Fi et d'autres systémes a bande large tels que WiMAX, la puissance
de sortie maximale d'un canal peut varier sur la bande de fréquences. Les canaux d’essai exigés peuvent ne pas
inclure le canal avec la plus grande puissance de transmission RF. Par exemple pour les technologies Wi-Fi, les
canaux fonctionnant a la limite de la bande peuvent produire une puissance plus faible afin de se conformer aux
limites spécifiques hors bande; il peut donc étre nécessaire d’effectuer les essais sur le canal adjacent au canal de
la limite de la bande. Pour les autres dispositifs, la puissance de sortie maximale de plusieurs canaux peut étre
optimisée différemment. Par conséquent, avant la réalisation des essais a 'aide des canaux spécifiques exigés par
la présente norme, il est nécessaire de vérifier la puissance de sortie maximale des canaux pour déterminer si les
canaux choisis produisent effectivement la plus forte puissance de sortie assignée du dispositif. Le processus
utilisé pour établir les canaux pour des fins d’essai doit é&tre documenté dans le rapport d'essai.

Pour chaque mode de fonctionnement d’'une technologie sans fil utilisée par le DUT, les
essais doivent étre effectués avec le canal le plus proche de la valeur centrale de chaque
bande de fréquences d’émission. Si la largeur de la bande de fréquences transmise
(Af = fhaut — foas) dépasse 1 % de sa fréquence centrale f, les canaux aux fréquences la plus
basse et la plus élevée de la bande d’émission doivent également étre soumis a I'essai. De
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plus, si la largeur de la bande d’émission dépasse 10 % de sa fréquence centrale, la
Formule (9) suivante doit étre appliquée pour déterminer le nombre de canaux N, a soumettre
a I'essai:

N¢ =2xroundup [10% (/haut — /bas )lfc1*1 (9)

ou

A est le canal de la fréquence centrale de la bande d'émission en Hz;
Jhaut €stle canal de la plus haute fréquence de la bande d'émission en Hz;
Joas ©stle canal de la plus basse fréequence de la bande d'émission en Hz,

N, edtTe nombre de canaux.

La fongti uent, le

nombre doivent

étre rép ndre les

canaux : ient étre

valides [pour toutes les frequences d’essai et les parame p lié i ide a ces

fréquencges. i points

d’étalonphage de sonde multiples et différents liquides-€quiva buvrir la

bande de fréquences entiére.

NOTE 1 | Les organismes de réglementation pe ' if canaux a

soumettrd a I'essai par bande d'émission, nces des

technologjies sans fil.

NOTE 2 au canal

central, Ig

6.3 FEssais a effectuer

Afin de| déterminer Ia ombiné,

I'ensemple des pgsitiQ ispositif

doivent |étre sou : gpes 1 a

3 ci-degsous. Pow/les bcédure

approprjé S nté a la

Figure §.

Etape 1 4 proche

du centi tilisée:

a) tout fantdme
SAM

b) toutesides configurations d'utilisation pour chaque position de dispositif dans|a), par
exemple—avec—a—glissiere—ou—te—souvercle—du—dispesitifeuvert—etfermé—od—tantenne

déployée et rétractée;

c) tous les modes de fonctionnement, par exemple la modulation analogique et numérique
pour chaque position du dispositif en a) et chaque configuration en b) pour chaque bande
de fréquences.

Etape 2: Pour les conditions donnant le DAS maximal moyenné le plus élevé déterminé a
I'Etape 1 pour chaque configuration en a), b) et ¢), effectuer tous les essais décrits en 6.4.2 &
tous les autres canaux de fréquences d’essai, par exemple, les canaux le plus bas et le plus
haut (voir 6.2.5). De plus, pour chaque position, configuration et mode de fonctionnement du
dispositif dans lesquels la valeur du DAS maximal moyenné déterminée aux Etapes 1 a), b) et
c) est supérieure ou égale a la moitié de la limite applicable du DAS, il est exigé de soumettre
a l'essai tous les canaux exigés. Dans le cas contraire, une telle exigence n'est pas
applicable.
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Etape 3: Examiner toutes les données et déterminer les exigences de rapport pour la valeur
la plus élevée du DAS maximal moyenné mesurée a I’Etape 1 et a I'Etape 2. Un exemple est
donné a I’Annexe M.

U Preparation of 54R System ‘J Measurement 6.4.2

-

S5AR Reference Measurements

-

Cperating Mode for each wireless 6.4.2 (a)
technology and frequency band i

‘L—»—-l’ Area Scan

Configuration 6.4.2 [b-c)

tl.e. antenna and 3':(9550"!'1

@

| Left Right |

6.3 e el

step(ti Y | [ Cheek 152 g |

AT . I J
Ent

touches zoom
scan boundary?

Measurement 6.4.2
at centre frequency

MO

all primary and
secondary peaks
required by §.4.2

(€] tasted?
4
C) Determination ef maximum peak
spatial-average SAR for all device
step (3] positions, configurations and
- opEratmEToter-foreachfreqTenTy
L band according to 6.3 J
IEC
Anglais Francais
Preparation of SAR system Préparation du systéme de DAS
Operating mode for each wireless technology Mode de fonctionnement pour chaque
and frequency band technologie sans fil et bande de fréquences
Configuration (i.e. antenna and accessory) Configuration (c’est-a-dire, antenne et
accessoire)
Left Gauche
Right Droite
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Anglais

Francais

Cheek

Joue

15° tilt

Inclinaison a 15°

Measurement 6.4.2 at center frequency

Mesurage 6.4.2 a la fréquence centrale

Step Etape
NO NON
YES OuUl

All tests in step (1) of 6.3.1 done?

Tous les essais de I'étape (1) du 6.3.1 effectués?

Test other frequency channels of 6.2.5 for
highest SAR test configuration and other test

Reéaliser I'essai a d’autres canaux de fréquences
de 6.2.5 pour la configuration d’ essal du DAS le

conditions within 3 dB of applicable SAR limit
acg¢ording to 6.3.1

plus élevé et d’autres conditio i a 3-dH
au plus de la limite applicablende DAS selon
6.3.1

Measurement 6.4.2

Mesurage 6.4.2

Alllother test frequencies for configurations of
6.3.1 step (2) done?

Toutes les autres fréeq i po Ie
configurations de 6.3.1, € e( evalué

Determination of maximum peak spatial-average
SAR for all device positions, configurations and
opgrating modes for each frequency band
acg¢ording to 6.3.1

Déterminati
élevé pour_tou
modes,de fonttjon
chaq eb?nQed fréquiences selon 6.3.1

g
[}
S
=
[0
)
°
7

igurations fet

SAR reference measurements 6.4.2

Pde\it)xa/g}s/ée/‘éféwe deDAS 6.4.2

Arg¢a scan 6.4.2 (b-c) /\

*al%age ée s({f}c?\G/ZQ (b-c)

Zopm scan 6.4.2 (d-e)

\Qala\m;e-w @/2 (d-e)

SAR drift measurement 6.4.2 (f). Managedrift as
per 7.2.8 (-\

esurage de dérive de DAS 6.4.2 (f).Gérer la
dégiveselon 7.2.8

Sh|ft cube center

épﬁsse\r'ﬂa centre du cube

1glor 10g cube touch m scqn bound Le e de 1 g ou 10 g touche-t-il la limite du
[\ balayage-zoom?

Select next pe/a'k\

Sélectionner maximum suivant

All|primary aw ry peaks required
6.4.2 (c) tested?

Tous les maximas primaires et secondaires
exigés par 6.4.2 (c) soumis a I'essai ?

6.4 P

6.4.1

Le parg crit la procédure d'éval
compris| leznembre winimum de mesurages de

un mode de fonctionnement et un canal de fré

héma de principe des essais a effectuer

uation du DAS maximal moyenné du|DUT, y
dérive a effectuer. Si la dérive est éleVée pour
quences particuliers, davantage de mepurages

de dérive peuvent étre nécessaires, comme décrit en 7.2.8.

6.4.2 Procédure générale

La procédure suivante doit étre effectuée pour chaque condition d’essai (voir la Figure 5)

décrite en 6.3. Le Tableau 1 présente les para

metres de mesure utilisés dans le balayage de

surface et le Tableau 2 ceux utilisés pour le balayage-zoom.

a) Mesurer le DAS local a un point d’essai si

tué a 10 mm de la surface interne du fantéme

ou le DAS local mesuré dépasse la limite de détection inférieure du systéme de mesure.

De préférence, le point d’essai est au-des

sus de I'emplacement de DAS maximal prévu

dans ladite limite de distance de la surface du fantdéme. Comme décrit & I'Etape f)
ci-dessous, un mesurage comparatif est effectué par le systtme au méme point une fois

que le mesurage de DAS est terminé.

b) La zone sur laquelle le mesurage de DAS est effectué doit couvrir au moins une zone plus
grande que la projection du combiné et de l'antenne. Pour certains combinés, la zone
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e)

f)

projetée sur le fantdbme peut étre si grande que la sonde peut ne pas atteindre tous les
points. Dans ce cas, les fantdmes peuvent étre tournés et la zone peut étre évaluée au
moyen de balayages multiples avec des zones de chevauchement. Mesurer la distribution
bidimensionnelle du DAS dans le fantdme (procédure de balayage de surface). La limite
de la zone de mesure doit étre établie en fonction des exigences du fantéme SAM. La
résolution de mesure et la résolution spatiale pour l'interpolation doivent étre choisies
pour permettre l'identification des emplacements du maximum local a la moitié de la
dimension linéaire du cété correspondant du volume de balayage-zoom. L’espacement
maximal de grille doit é&tre de 20 mm pour les fréquences inférieures ou égales a 3 GHz et
(60/f [GHz]) mm pour les fréquences supérieures a 3 GHz. L'incertitude de DAS de
résolution du mesurage peut étre évaluée a l'aide des fonctions présentées en 7.2.10. La
distance maximale entre le centre géométrique des détecteurs de sonde et la surface
interne_du fantéme doit étre <5 mm pour les fréquences inférieures ou-égales a 3 GHz et

o1In(2 feur de
péneg imale de
la d Erieures
ou us les
poin surface
doit|é pour les
fréq ametres
de n

A partir de la distribution de DAS balayée, identifierla position 2 imale de
DAS i vec des
vale alayage-
zoof . < ; ent si le
pic principal est au plus a 2 dB deNa lifrjte ité | 1 W/kg
pour 3

Mes| emplacements des maximg locaux

identifié . Le pas de grille horizontal doit étre
(24/ . La taille minimale de balayage-zoom
est gde 30 mm par 3Q m B mmipour les fréquences inférieures ou égales g 3 GHz.
Pour les fréquences : q talle minimale de balayage-zoom peut étre reduite a
22 mm par > . ume de balayage-zoom plus petit gvec un
espacement 2 de mesure est permis, du fait de la décrgissance

plus| forte du ch } éduire le temps de mesure. Pour les fréguences
supéri 3 grille dans la direction verticale ne doit pas dgpasser

(8 - équences inférieures ou égales a 3 GHz, le pas de prille ne
doit espacement uniforme est utilisé. Si un espacement jvariable
est ction verticale (grilles non uniformes ou grilles graduelles),
I'esq aximal\entre les deux points mesurés les plus proches de I'envelpppe du
fant@me dQi apasser (12/f[GHz]) mm pour les fréquences supérieures & 3 GHz,
et n¢ doit ps spasser 4 mm pour les fréquences inférieures ou égales a 3 GHz. De plus,
I'esp des points adjacents plus éloignés doit augmenter d’un| facteur

incrg mentiel ne dépassant pas 1,5. Lorsque des grilles graduelles sont utilisées, des
routi
espacement que celui utilisé pour les mesurages. La distance maX|maIe entre le centre
géométrique des détecteurs de sonde et la surface interne du fantdbme doit étre de 5 mm
pour les fréquences inférieures ou égales a 3 GHz et 6In(2)/2 mm pour les fréquences
supérieures a 3 GHz, ou § est la profondeur de pénétration d’'onde plane et In(x) est le
logarithme naturel. Des grilles séparées doivent étre centrées sur chaque maximum local
de DAS observé a I'Etape c). A tous les points de mesure, I'angle de la sonde par rapport
a la droite perpendiculaire a la surface doit étre inférieur a 30° pour les fréquences
inférieures ou égales a 3 GHz et 20° pour les fréquences supérieures a 3 GHz.

Utiliser les procédures post-traitement, c'est-a-dire les procédures d'interpolation et
d'extrapolation définies en 6.5, pour déterminer les valeurs de DAS maximal moyenné.

Mesurer le DAS local exactement au méme emplacement du point d’essai qu’a I'Etape a).
La derive de DAS du DUT peut étre estimée par la difference entre les deux valeurs de
DAS au point unique mesurées aux Etapes a) et f). La dérive de DAS doit étre maintenue
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a £ 5 %; sinon, voir 7.2.8 pour de plus amples informations sur le traitement de la dérive

de mesure de DAS.

Il convient que les combinés commercialisés aient des dérives de puissance de sortie de
+ 5 %. Certains dispositifs peuvent avoir des fluctuations significatives de puissance de sortie
qui ne sont pas classifiables comme une dérive de puissance indésirable, mais plutét comme
une caractéristique du comportement fonctionnel normal du dispositif. Dans ce cas, d’autres
méthodes telles que la mise a I'échelle de puissance peuvent étre employées dans le but

d’assurer qu’'un DAS exact et prudent soit obtenu.

Les incertitudes dues a la distorsion de champ entre la limite de milieu et I'enceinte
dlelectnque de Ia sonde dowent egalement etre redmtes Ie plus p033|ble ce qU| est obtenu si

la distame

un diameétre de Iextremlte de la sonde. Des methodes de compensatl

utiliséeg pour appliquer des procédures de correction
permettfe des mesurages plus proches que la moitié
particulier au-dessus de 3 GHz.

Tableau 1 — Parameétres de balaya

pour ces
du diamét

eurc

érieure a
Sralement
afin de
311,

Paramétre

en ission du DUT
I’essai

boumis a

GHz

3 GHz < fK 6 GHz

Distance

i maximale entre les points mesurés ( ge é des
capteurs)|et la surface interne du fantéme (z,,, 6 en

sin(2)2} 0,52

Espacemé¢nt maximal entre des points de mesur jace i
7.2.10.3.1, en mm)®

ou la moitié de
la longueur de
balayage-zoom

60/f ou la moitié de
la longugur de
balayagg-zoom

correspondante, correspofdante,
suivant la valeur suivant Ig valeur
la plus faible la plus faible
Angle makimal entre I axe d Ia nogm pa M 30° 20
surface dyi fantdéme ( ure 6)
qe 1o

Tolérancq d’angle dWA\

stration—-pour VOnde plane incidente perpendiculairement sur un demi-espace

rface.

a8 & est|la profonde
plan.

b Voir7 tion de Ax et Ay pour les exigences individuelles de balayage de s

¢ L’angl ormale de la surface du fantéme est limité en raison de la dégrgdation de
I'exacj des champs avec des gradients spatiaux prononcés. L’exactitude deg mesure
diminy de sopnde et la fréquence augmentent. C’est pourquoi la restriction d’angle de sonde est
plus sfri au-dessus de 3 GHz

Tableau 2 — Parameétres de balayage-zoom
Parametre Fréquence d’émission du DUT soumis
a I’essai
f<3 GHz 3 GHz < f< 6 GHz

Distance maximale entre les points mesurés les plus proches et la 5 5In(2)/2@
surface du fantéme (z),, a la Figure 6 et au Tableau 1, en mm)
Angle maximal entre 'axe de sonde et |la normale par rapport a la 30° 20°
surface du fantéme (« a la Figure 6)
Espacement maximal entre des points mesurés dans les directions 8 24/fb
x ety (7.2.10.3.2, en mm)
Pour les grilles uniformes: 5 8 -f
Espacement maximal entre des points mesurés dans la direction
perpendiculaire a I'enveloppe du fantéme (Az, a la Figure 6, en mm)
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Parametre Fréquence d’émission du DUT soumis
a I’essai

f<3GHz 3 GHz < f< 6 GHz

Pour les grilles graduelles: 4 12/f

Espacement maximal entre les deux points mesurés les plus proches
dans la direction perpendiculaire a I'’enveloppe du fantéme
(Az, ala Figure 6, en mm)

Pour les grilles graduelles: 1,5 1,5

Augmentation incrémentielle maximale de I'’espacement entre les
points mesurés dans la direction perpendiculaire a I’enveloppe du
fantéme (R, = Az,/Az, & la Figure 6)

Longueuf d’aréte minimale du volume de balayage-zoom dans les 30 22
directions x et y (L, en 7.2.10.3.2, en mm)
Longueuf d’aréte minimale du volume de balayage-zoom dans la 3 \Xg

direction|perpendiculaire a I'enveloppe du fantéme
(L, en 7.2.10.3.2, en mm)

Tolérancp d’angle de sonde

a sest i-espace
plan.
b llsa
zoom sc@n for

points alpng
uniform grid

1)

zoom scan for
points along
graded grid

IEC

Frangais
Zopm scan foWalong graded grid Balayage-zoom pour les points le long d’'une
grille graduelle
Zoom scan for points along uniform grid Balayage-zoom pour les points le long d’une
grille uniforme

NOTE M1 a M7 sont des exemples de points de mesure utilisés pour I’extrapolation a la surface. Le maximum de
I'angle a entre 'axe d’évaluation et la droite perpendiculaire a la surface est présenté dans le Tableau 1 et le
Tableau 2. La distance z,,, est la distance de I'enveloppe du fantdme au premier point de mesure M1, et sa valeur
maximale est indiquée dans le Tableau 1 et le Tableau 2. Les distances Az, (i = 1, 2, 3,...) sont |les distances des
points de mesure M, & M, ,. Pour des grilles uniformes, Az, sont égaux. Pour des grilles graduelles, Az, , > Az,
R, = Az, ,/Az, est un rapport avec une valeur maximale indiquée dans le Tableau 2.

Figure 6 — Orientation de la sonde par rapport a la droite
perpendiculaire a la surface du fantome a deux emplacements différents
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6.4.3 Mesurages de DAS de combinés avec des antennes multiples ou des émetteurs
multiples

6.4.3.1 Généralités

Les combinés avec des antennes multiples ou des émetteurs multiples (avec des antennes
uniques ou multiples) émettant simultanément exigent des considérations d’essai spéciales.
Les méthodes pour combiner les champs dans I'ordre afin de déterminer la distribution de
DAS combinée difféerent suivant que les émetteurs RF correspondants émettent ou non des
formes d’onde qui sont corrélées ou non corrélées dans le temps. La méthode de sommation
de champ et les exigences d’instrumentation de mesure associées pour les formes d'onde de
signaux corrélés sont différentes de celles applicables aux signaux non corrélés (voir
I''EC TR 62630) [62].

6.4.3.2 Mesurages de DAS pour des signaux non corrélés

6.4.3.2.1 Exigences générales

Les prqcédures suivantes sont applicables a des dispositifs i RO des de

fonctionhement multiples qui sont destinés a fonctionner sin S

a) des|fréquences multiples (f;, f5, etc.) qui son sépares age de
fréguences valide de I'étalonnage de sonde ou du liguide s v ux tissus stiivant le

plus| faible (c’est-a-dire, lorsque évalué

simyltanément en utilisant les méme

La plage de fréquences valide d
exemple £ 50 MHz a £ 100 MHz) po
systemes actuellement utilisés De

¢St généralement étrqite (par
électrique dans la plupart des
champ électrique utilisées gans les

syste continue en sortie, la sonde [ne peut
pas es. La plage de fréquences valide du
liqui réquences dans laquelle les parameétres
diélg valeurs cibles (voir Tableau A.3 et [33]).

En 1 itati 8s Maleuxs de DAS doivent dans un premier temps étre
évalliées sé 3 f

b) des|antennes ple i d¥met gn utilisant différentes modulations (par exemple, un
appf : i >t de données utilisant Wi-Fi) dans la méme plage de
fréq glide Y de sonde et du liquide équivalent aux tissus.

Dan ; S jples émettant différentes modulations dans la méme plage de
fréq - doivent étre effectués avec des signaux émis simultapément.
Cep S n'‘est pas nécessaire si les valeurs maximales moyennégs sont
additi S ne decrit dans la Variante 1 ci-dessous (6.4.3.2.2, étant donné que cette
meétt e ‘surestimation prudente du DAS combiné). Pour le cas d’aptennes

mult omettany’ des signaux corrélés (par exemple, certaines configurations [MIMO),
voir

En 6.4.3, une combinaison d’essai est définie comme une combinaison particuliére de
position de dispositif (joue gauche, inclinaison droite, etc.), de configuration (par exemple,
position d’antenne) et d’accessoire (batterie). Les paragraphes 6.4.3.2.2 a 6.4.3.2.5 décrivent
d’autres procédures d’évaluation pour I’émission simultanée dans différentes bandes de
fréquences. Les conditions préalables suivantes s’appliquent pour les variantes de méthodes.

e Le balayage de surface, le balayage-zoom et le DAS maximal moyenné sont évalués
séparément a chaque fréquence (conformément au 6.4.2) avec I'émission a cette
fréquence activée et I’émission aux autres fréquences désactivée.

e Les données de DAS de différentes fréquences ou antennes sont combinées
conjointement uniquement lorsque la combinaison d’essai est la méme pour ces bandes
de fréquences ou antennes, et si cette combinaison d’essai est une combinaison d’essai
prévue pour fonctionnement simultané (voir ci-dessous).
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Différentes autres méthodes peuvent étre utilisées pour différentes combinaisons d’essais.
Les variantes sont résumées ci-dessous.

— Variante 1: Sommation de valeurs de DAS maximal moyenné, la méthode la plus simple
mais la plus prudente pour déterminer la limite supérieure; toujours applicable (6.4.3.2.2).

— Variante 2: Sélection de la valeur de DAS maximal moyenné évalué la plus élevée,
méthode simple; applicable dans certaines situations (6.4.3.2.3).

— Variante 3: Calcul de DAS volumétrique combiné de balayages de surface et/ou
balayages-zoom existants, méthode exacte et rapide; toujours applicable (6.4.3.2.4).

— Variante 4: Balayage volumétrique, la méthode la plus exacte; toujours applicable
(6.4.3.2.5).

Le mesyrage du DUT est considéré comme étant totalement conforme ences de la
présente Norme s'il satisfait aux exigences de l'une de ces v cédures
d’évalugtion.

La Variante 1 est la plus prudente et la plus simple en matlee d igel pas de
mesurage de DAS supplémentaire. Les Variantes 2 et 3 rgqui ! i le degré
de surgstimation, mais exigent plus de calcul et une gsai. La
Variante 4 fournit la surestimation minimale et exige le

6.4.3.2.2 i : E i ati 2 ¥ AS maximal mpyenné

Cette p ehte la limite supérieure du
DAS co . chaque émetteur ou pntenne
est utilisé dmissi =X i ces. Noter que les différentes|valeurs
sommeée : arents emplacements spatiaux. Cette
procédu e procédure est toujours applicable.
Les prd ; gquéesy en utilisant des mesurages ¢e DAS
complet i e$ normatives de la présente norme. Des
mesura [ illsés pour identifier les conditions d’essai|de DAS
le plus ¢

a) Pou laquelle un fonctionnement simultané est prévu,
ajou ihal moyenné pour chaque antenne et bande de
fréq i pent simultané est prévu (voir NOTE 1, NOTE 2 et

NOT

b) Veérifi ' de DAS maximal est au plus a 3 dB de la limite appli¢gable de
DAS,/Sikc'e s,\veiller a ce que tous les canaux de fréquences d’'essai exigés en
6.2.p ajent surés dans toutes les bandes de fréquences et pour toutes les aptennes
aux tiorfnement simultané est prévu et répéter I'Etape a).

c) LaV nge’de DAS maximal aux Etapes a) et b) est le DAS combiné.

NOTE 1 I £y \lalaur rln r\I\Q DO r\hf:nlla bhandg Aa Frc\nllahr\ab nnrraonnr\r{ U rv;nal Aa Frannahr\a cnnmu é |’essai
14 e

.................

dans cette bande dans laquelle le DAS maximal moyenné mesuré est le plus élevé. Au 6.2.5 le sous-ensemble
approprié de fréquences a mesurer pour chaque bande de fréquences est spécifié, et les procédures pour mesurer
a un nombre de fréquences plus faible que ce sous-ensemble sont décrites en 6.3. Par exemple, si le DAS a été
mesuré aux canaux minimal, central et maximal dans une bande et si le DAS le plus élevé est au canal de
fréquence minimale, le DAS maximal moyenné au canal de fréquence minimale est utilisé comme valeur de DAS
pour cette bande de fréquences. Si seul le DAS au canal de fréquence centrale a été mesuré conformément aux
procédures de 6.3, le DAS maximal moyenné au canal de fréquence centrale est utilisé comme valeur de DAS pour
cette bande de fréquences.

NOTE 2 Une variation acceptable de I’'Etape a) consiste a ajouter les valeurs de DAS maximal moyenné les plus
élevées applicables a toutes les combinaisons d’émissions simultanées quelles que soient les conditions d’essai.
En d’autres termes, le DAS maximal moyenné le plus élevé pour une bande de fréquences (parmi toutes les
conditions d’essai dans cette bande de fréquences) est ajouté a la valeur de DAS maximal moyenné le plus élevé
dans l'autre bande de fréquences (parmi I'ensemble des conditions d’essai), et ainsi de suite pour les autres
bandes de fréquences lorsqu’un fonctionnement simultané est prévu. Chacune des combinaisons d’essai prises en
compte en utilisant cette méthode est ensuite évaluée aux Etapes b) et c). Cette méthode est plus prudente que la
méthode de I'Etape a).
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NOTE 3 Une fois que la configuration d’essai de DAS maximal est identifiée, il est acceptable de réaliser un
balayage volumétrique sur cette configuration conformément au 6.4.3.2.5 pour obtenir une estimation plus exacte
du DAS combiné maximal.

6.4.3.2.3 Variante 2: Evaluation par sélection de valeurs de DAS maximal moyenné
évalué les plus élevées

Cette procédure donne une estimation du DAS multibande lorsque les distributions de
balayage-zoom de DAS mesurées séparément ont peu ou pas de chevauchement. Les
maxima sont ensuite séparés a un degré tel que la valeur de DAS maximal moyenné la plus
élevée de chaque distribution n'augmenterait pas de plus de 5 % lorsque les distributions de
DAS de tous les autres modes de fonctionnement simultané sont ajoutées. Cette variante est
apphcable unlquement si le DAS maX|maI moyenné le plus eleve est |nfer|eur a 70 % de la
i C , . Cette
ui sont

guence.
hle a la
erét. Le
utes les
résente

one de
e 1 mm
. La zone

DAS en
bint.

d) Silg valeur de créte dans [ iorl de DAS créée a I'Etape c) ne ¢lépasse

pas [les valeurs de |D 3 slevées séparées obtenues a I'Etape b)|de plus
de § %, alors Je DASYY hande est chQisi comme étant la plus élevée des valeurs de
DAS mamm@g sépa lées a partir du balayage-zoom, telles que
calcpilées a I’

L’incertitude selop : , documentée et enregistrée.

6.4.3.2. : 3:-Ev gtion par les données de DAS volumétrique calculées
Cette pracédure util balayages de surface et des balayages-zoom existants [(ou des
balayag 2ceifj couvrant la région de balayage de surface) en combinaispn avec

I’interpdg . apolation pour la génération de données de DAS volumétrique gt est un
moyen rapide)d’obtepfion du DAS combiné. Elle est toujours applicable. Cette procédure doit
étre appliquée en utilisant des mesurages complets de DAS qui sont conformes a toptes les
exigences normatives de la presenie Norme.

a) Pour une combinaison d’essai dans laquelle un fonctionnement simultané est prévu,
calculer la distribution de DAS volumétrique sur une région correspondant au balayage de
surface pour chaque bande de fréquences lorsqu’un fonctionnement simultané est prévu.
Différents algorithmes utilisés a cet effet ont été présentés dans [9], [80], [101], [102],
[103]. L’'incertitude de la méthode utilisée doit étre bien documentée conformément aux
procédures de 7.2.10 et doit étre enregistrée.

b) Ajouter les distributions de DAS volumétrique de toutes les bandes de fréquences
spatialement, en utilisant l'interpolation conformément au 6.5.1. Pour chaque bande de
fréquences, lorsqu’un fonctionnement simultané est prévu, cette étape doit étre effectuée
pour chaque canal de fréquence mesuré conformément aux exigences de 6.2.5 et aux
procédures de 6.3 (voir NOTE 1 de 6.4.3.2.2).

c) Utiliser les procédures post-traitement definies en 6.5 et en Annexe C pour déterminer les
valeurs de DAS maximal moyenné des distributions de DAS de I'Etape b).
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d) Vérifier si la valeur la plus élevée du DAS maximal moyenné est au plus & 3 dB de la
limite de conformité. Si c’est le cas, veiller a ce que tous les canaux de fréquences d’essai
exigés en 6.2.5 aient été mesurés dans toutes les bandes de fréquences dans lesquelles
un fonctionnement simultané est prévu et répéter les Etapes a) a c).

6.4.3.2.5 Variante 4: Evaluation par balayage volumétrique

Cette procédure est la fagon la plus exacte d’évaluer le DAS combiné et est toujours
applicable. Comme indiqué ci-dessus, les données de DAS sont combinées pour chaque
condition d’essai (position de dispositif, configuration et accessoire) lorsqu’'une émission
simultanée est prévue. Cette procédure doit étre appliquée en utilisant des mesurages
complets de DAS qui sont conformes a toutes les exigences normatives de la présente Norme.

a) Pouf une combinaison dessai dans laquelle un fonctionnement prévu,
veiller a ce que le balayage-zoom ait été mesuré conformément a 64,2 a to canaux
de ffréquences d’essai spécifiés en 6.2.5 (voir NOTE 1 de 6.4.3 e bande
de fréquences a laquelle un fonctionnement simultané est prévi

b) Poul chaque bande de fréquences de I'Etape a), sélectighher\e kanal de fréquences
ayant le DAS maximal moyenné le plus élevé.

c) Deéterminer une grille volumétrique qui couvre les bala¥y 2quenceq d'essai
déterminées a I'Etapeb) sur toutes les bapde eg’ auxquelles un
fonctionnement simultané est prévu. Si les balaydge ~ b , [, étc. sont
éloignés a tel point que la grille volumétrique & : \ i mps de
mespre trés longs, une variation.accept C i a identifier tpus les
emplacements des balayages-zogm f S 'Etape b) et
d'appliquer la variante de procédure 2

ape b), mesurer la grille volumétrique
frigue respecte toutes les eXigences
alayage-

d) A chaque canal de fréquences dé
obs@rvée a I'Etape c). Ce mesurad
de 6.4.2, Etapes d) a
zoom. S’il a été décidé ¢ -Zoom au
lieu d’une grille volymé 'Btape b),
mesprer le balayage 3 ) > : mémes

emplacement b a). Le
mesprage e@ B et les
modes de fonctigrine

e) Ajou nir une
distr] ribution
som bt calcul
de 1 ue des
bala nt étre
som n totale.

Dan Is des balayages-zoom sont effectués a I'Etape d), les balayagg¢s-zoom
a chlaque_emptacegment de créte dans chaque bande de fréquences sont combiniés et le
plus|élevé est identifié pour calculer le DAS maximal moyenné.

Il convient de fixer le dispositif soumis a I’essai sur le fantdme lorsque les liquides sont
modifiés de sorte que la sommation des distributions de DAS soit aussi exacte que possible.
Si la batterie du dispositif nécessite d’étre rechargée, le cable du chargeur doit étre raccordé
au DUT lorsqu’il reste positionné sur le fantdbme. Le cable doit étre raccordé uniquement
pendant la charge de la batterie entre des mesurages de DAS et doit étre détaché pendant
I'essai.

6.4.3.2.6 Exemple de calcul de DAS combiné utilisant la Variante 1

Le paragraphe 6.4.3.2.6 décrit un exemple de I'application de la méthode de sommation des
valeurs de DAS maximal moyenné (Variante 1). Le paragraphe 6.4.3.2.6 n’est donné qu’a titre
d’exemple. Le Tableau 3 décrit un exemple d’'un combiné sans fil ayant deux antennes et
quatre modes de fonctionnement, pour lequel les valeurs de DAS maximal moyenné pour 10 g
provenant de mesurages de bande unique sont données dans la troisieme colonne et la
troisiéeme ligne pour les quatre modes de fonctionnement et les antennes. Les cellules en bas
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et a droite de ces valeurs présentent les valeurs de DAS combiné. Seules les cellules qui ne
sont pas grisées sont applicables et évaluées pour cet exemple. Les quatre modes de
fonctionnement sont constitués de deux modes vocaux (parole) et deux modes de données,
chacun dans deux bandes de fréquences. Les valeurs de DAS maximal moyenné pour 10 g
ont toutes été mesurées au canal central des bandes de fréquences respectives pour un
fonctionnement monobande (un mode de fonctionnement et une antenne émettent tandis que
les autres bandes et antennes sont désactivées). Ces valeurs de DAS sont présentées dans
la troisieme ligne pour I'antenne 1 et dans la troisiéme colonne pour I’'antenne 2. Les valeurs
de DAS combiné sont calculées en utilisant la Variante 1 (c'est-a-dire, simple sommation des
valeurs de DAS maximal moyenné pour 10 g dans la ligne 3 et la colonne 3). Pour cet
exemple, le combiné prend en charge un seul mode vocal (parole) a la fois, et un mode de
données a la fois, et il prend en charge Iem|SS|on S|multanee de parole et de données. Par
conséqt xemple. De
plus, dgs mesurages de DAS sur le coté gauche de la tete ne sont pa comb' és avec des
mesurages de DAS sur le c6té droit. Cependant, il est prévu dans ce
antenngs puissent émettre simultanément.

Tableau 3 — Exemple de méthode pour déte
la valeur de DAS combiné utiIisant(Ia{ iante

e

Antenne 1 Parole Parole B&m s Donrnées

Bande 1 Bande Zm de 1 Bande 2

Gauche | Droite GauFﬁé\\Qvéi/e r\GabsQe \6roite Gauche | Droite
Antenne 2 0,285 Qé%\ {3\3\3 (‘ 0,3(15 \)OW 0,489 0,593 0,574
Parole| | Gauche | 0,141 g\ 0,653 0,734

Bande | | Droite | 0,120 NN 0,609 0,694
Parole| | Gauche | 0,131 U O\ | o643 0,724

Bande 2 | Droite | 0,130 [ w N 0,619 0,704

Donnéep | Gauche | O, \%50\\% A‘\qw

Bande Droite o,i@ \ ,4}5:{ 0,528
Donnéep Gauclﬁs\),ﬂ%\ O,%\m\\{‘ 0,558
Bande 2 | Droite |, 4,21 O honse 0,531

6.4.3.3 S pour des signaux corrélés
Des co ntennes multiples émettant simultanément des signaux porrélés
représe iculier de dispositifs, tels que des émetteurs MIMO ayec des

capacités de mation de faisceau numérique, et exigent des considérations|d’essai
spécialgs.Les sig x de ces combinés peuvent étre classés en fonction du changement de
phases |relatives dans une communication normale. En général, deux types de [signaux
peuvent étre observés dans la plupart des émetteurs a plusieurs antennes de derniére
génération. Le premier type, désigné sous le nom de Type 1, représente les signaux avec des
phases relatives inchangées pendant une durée relativement longue par rapport a la durée
d’un symbole. Ce type de signal peut étre observé dans les systémes d’antennes en réseau a
commande de phase, dans lesquels les phases relatives des signaux envoyés aux antennes
sont commandées, pour former le diagramme de rayonnement de l'antenne en réseau dans
une certaine direction. Dans des environnements de fonctionnement différents, les phases
relatives peuvent varier pour obtenir différents diagrammes de rayonnement souhaités. Ainsi,
des que la direction d'émission est déterminée et le diagramme formé, les phases relatives
sont fixées pendant une certaine durée, et ne varient que lorsque le diagramme de
rayonnement est configuré pour une autre forme. En fait, la durée pendant laquelle les
phases relatives sont maintenues inchangées est relativement longue par rapport a la durée
d'un symbole dans une communication normale. D'autre part, le second type de signaux,
désigné sous le nom de Type 2, représente les signaux avec des phases relatives qui varient
rapidement pendant une durée relativement courte. De tels signaux peuvent étre observés
dans les systémes utilisant des techniques MIMO. Les phases relatives des signaux varient
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de symbole a symbole en raison de la fonction de code de bloc espace-temps (STBC, space-
time block code) dans les systétmes MIMO. Les phases relatives des signaux varient de
symbole a symbole selon le codage STBC, et la formation de faisceau n'est pas utilisée au
cours d'une communication normale.

Comme décrit dans I'lEC TR 62630 [62], les sighaux corrélés peuvent uniquement étre
transmis a la méme fréquence porteuse et le DAS dépend de(s) phase(s) relative(s) entre les
signaux. Par conséquent, le DAS maximal moyenné ne peut pas étre évalué avec exactitude
en utilisant des sondes de champ E scalaires a partir d’'un mesurage avec des émetteurs
réglés sur une condition de phase relative fixe si ces phases sont soumises a une variation
pendant le fonctionnement normal du dispositif. En revanche, pour une évaluation exacte de
DAS, des mesurages repetes correspondant a toutes les combmalsons de phases entre les

émetteyrs—sontnécesss v 4 fpeut ne
pas étrg ‘ mettent
des bal cyclage
par toufes les combinaisons de phases possibles des signaux éniis a leurs
puissantces de sortie maximales moyennées. En général, ?me de
chaque| émetteur individuel émettant séparément a aximale
moyennge peut également étre évalué avec exactitude e de DAS

hamp E (c’est-a-

individugls. Cependant, cela exige des mesurages vectori¢
v gmp E) ef] est par

dire, dep mesurages d’amplitude et de phase des troi
conséquent moins pratique.

L’autre |méthode qui tire profit des : i els est basée s$ur des
mesurages de DAS pour chaque énjette : ‘ a la puissance de sortie
moyennge la plus élevée et la combinagj : DAS individuels comme décrit
dans I'lEC TR 62630 [62]. Cette approchs g Ui urages de DAS beaucqup plus
rapides| mais ne produit qu'une limite sypéri de \DAS, susceptible de surestimer les
résultats. L'IEC TR 62630 décri ' dengOmbinaison du DAS de mepsurages
individugls en utilisant lgs salaires conventionnelles. La gremiere
méthod¢ est basée sur.un inai individuelles
et la dehixieme est bagés ' S indivi es. Ces
deux methodes i de DAS

conventjonnels e nombre
d’émetteurs. |l ison des
compospntes de chawmp E individuelte it 3 : i timation
potentiglle de DA ¢ . H’entrée
exigées décrit dans [62]. La procédure de mesure pour les d|fférents
types d décrite a la Figure 7. Pour le signal de Type 1 dans la
classifida s N 2e, U les signaux non spécifiés, il convient d’utiliser la d¢uxiéme
approche Llne cgmbinaison des composantes de champ E individuelles qui|conduit
aund urestimation potentielle de DAS et de nombreux systémps DAS
produis¢nt aisen s données d’entrée exigées pour le post-traitement décrit dans [62].

Pour les sighaux de/Type 2 dans la classification susmentionnée, I'utilisation de I'approche
des mesurages de DAS moyenné (voir NOTE ci-dessous) exige uniguement la procédure de
mesure définie au 6.4, avec l'utilisation de sondes scalaires conventionnelles.

NOTE Une autre méthode consiste a mesurer le DAS moyenné dans une certaine période d’intégration en
utilisant les systémes de mesure de DAS scalaires conventionnels. Cette méthode peut s’appliquer uniquement
aux dispositifs de génération de signaux corrélés de Type 2. La propriété du signal considere par hypothése que la
combinaison de phases relatives qui génére le DAS maximal ne se produit pas souvent, et méme lorsque c'est le
cas, elle se produit pendant trés peu de temps avant d'étre dominée par d'autres combinaisons qui produisent un
DAS inférieur. Etant donné que le DAS est déterminé par I'énergie électromagnétique absorbée par le matériau
cible équivalent aux tissus exposés, l'utilisation de la procédure de calcul de moyenne convient a I'évaluation de
DAS dans ces champs électromagnétiques a fluctuations rapides. Pour évaluer le DAS moyenné de ces dispositifs,
toutes les antennes d’émission sont activées en méme temps dans la mesure ou elles sont dans une
communication normale, et les valeurs de DAS instantané sont mesurées a chaque point de mesure avec un
intervalle de temps d'échantillonnage et sont moyennées sur une durée appropriée pour capturer les
caractéristiques des signaux.

Cette méthode a I'avantage d'utiliser une sonde scalaire conventionnelle et, en outre, fournit un DAS mesuré qui
est proche du DAS réel. Elle exige également un seul mesurage de moyenne temporelle a chaque point de mesure
exigé par la procédure de mesure en 6.4, quel que soit le nombre d'antennes d’émission. Cependant le temps
d’intégration pour le systeme a plusieurs antennes est plus long que celui du systéme classique d'antenne
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d’émission unique. En outre, lorsque le nombre d'antennes augmente, le temps d’intégration peut étre légérement
plus long pour obtenir un DAS convergent, du fait de la fluctuation dans le temps du DAS instantané avec
I'augmentation du nombre d’antennes. Le temps d’intégration dépend également de la fréquence d’échantillonnage
des sondes des systémes de mesure de DAS. Il se réduit au fur et a mesure que la fréquence d’échantillonnage
augmente, et inversement. Par exemple, pour un systéme de mesure de DAS avec une cadence de mesure de
1 250 échantillons par seconde, le temps d'intégration de 1 s conduit a ce que I'écart-type des valeurs de DAS
instantané en raison d’antennes d'émission multiples soit maintenu au-dessous de 2 %. Dans un tel cas,
l'incertitude de mesure totale est évaluée a l'aide du bilan d'incertitude présenté a I’Article 7 avec des valeurs
typiques, l'incertitude des systémes d’antennes d'émission multiples est en termes de niveau similaire a celle des
systémes d’antenne unique (généralement a 8,7 %).

Types of signals . ' 5

are known?

0

Measure SAR for
each antenna
separately

r"—1 Ty
Calculate combined
SAR according to
IEC/TR 62630
RNERN N

End

according to 6.3 and
6.4 with all antennas
on

\ \A}sglaé\/ Francais
STKRT N\ AN\ DEBUT
Ty es?f‘s.j{na S %Mn? Les types de signaux sont-ils connus?
YE[S Oul
NG NON
Type Type
Measure SAR for each antenna separately Mesurer le DAS pour chaque antenne

séparément

Calculate combined SAR according to Calculer le DAS combiné conformément a
IEC TR 62630 I'lEC TR 62630
END FIN
Determine and set averaging time Déterminer et définir le temps d’intégration
Measure SAR according to 6.3 & 6.4 with all Mesurer le DAS selon 6.3 et 6.4 avec toutes les
antennas on antennes activées (sur «ON»)

Figure 7 — Procédure de mesure des différents types de signaux corrélés
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6.5 Post-traitement de données de mesure de DAS
6.5.1 Interpolation

La résolution de la grille de mesure n’est pas aussi fine que celle exigée par les exigences
d’interpolation pour le balayage de surface et le balayage-zoom pour calculer le DAS maximal
moyenné. L'interpolation doit étre appliguée aux points de mesure. Des exemples de
processus d’interpolation sont donnés en Annexe C.

6.5.2 Extrapolation

Les sondes de champ électrique utilisées pour mesurer le DAS sont habituellement
constituées de trois dipbles orthogonaux trés proches les uns des autres Iaces dans un
protectqur/boitier de protection. Le point de mesure (étalonnage) 3
millimétres de I'extrémité de la sonde et ce décalage doit étre pris en
position|du DAS mesuré. En raison des erreurs de I'effet de bord de/%
capteur
sont leg
surface

ke C.

6.5.3

Le volu
masse 9
densité
La long
10 g dqi
Annexe

le que la
%%nterla

tilisée).
Cube de
née en

6.5.4

Le volume cubique d’i i i 4P 3 i S apolé de
la zone 3 AS local
maximal, le DAS
maxima ume de
balayag et les
mesura

6.6 E
6.6.1

5 de la
5 en 6.6

Les mg
présentg
s’appliq
Les mett f f
afin de diminuer le temps de mesure. Les mesurages rap|des de DAS peuvent étre utlllses
conjointement avec des mesurages complets de DAS afin de réduire le temps de mesure total
nécessaire pour évaluer un dispositif sans fil. Etant donné que des méthodes rapides de DAS
ne sont pas totalement conformes a toutes les exigences normatives de la présente Norme,
elles peuvent étre utilisées pour évaluer les niveaux de DAS relatif pour différentes conditions
d’essai, et les systemes DAS complets sont utilisés pour évaluer les niveaux de DAS absolu
des configurations de DAS plus élevé sélectionnées. |l est attendu que les techniques
spéciales utilisées par les méthodes rapides de DAS introduisent des décalages et/ou
incertitudes supplémentaires qui peuvent dépendre du mode de fonctionnement (par exemple,
GSM, AMRC a bande élargie ou fréquence, modulation).

NOTE Les procédures rapides de DAS décrites en 6.6 permettent aux utilisateurs de la présente Norme de
réduire le temps exigé pour les essais. Ces autres essais ne sont pas obligatoires; I'utilisateur de la présente
Norme reste libre de les appliquer correctement selon 6.6.1 a 6.6.4 conjointement avec le DAS complet ou
d’appliquer la procédure de mesure compléte de DAS normalisée décrite de 6.3 a 6.5.
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Par exemple, un systéme DAS rapide utilisant une résolution de mesure fixe a une incertitude
de mesure plus élevée a des fréquences plus élevées auxquelles la distribution de DAS
décroit généralement plus rapidement dans les trois directions de coordonnées (c’est la
raison pour laquelle un espacement plus faible entre des points de mesure est exigé a des
fréquences plus élevées, comme décrit en 6.4.2). Pour cette raison, des mesurages complets
de DAS doivent étre utilisés pour la condition d’essai de DAS le plus élevé et d'autres
conditions d’essai a un niveau de confiance de 95 % de la condition d’essai de DAS le plus
élevé de la limite de DAS, comme déterminé par les méthodes rapides de DAS (voir 6.6.2 ou
6.6.4).

Les méthodes rapides de DAS n’entrent pas dans la classe des méthodes de réduction
d’essai. Les methodes rapldes de DAS V|sent generalement a d|m|nuer Ie temps passe pour
effectue j : e—(comme—décrit—ct-desse € ¢duction

d’essai jpisent a réduire Ie nombre total de mesurages a effectuer. En ge cthodes
rapides|de DAS sont basées sur des approximations et des optimisatj¢ Scifiques
a chaquie mise en ceuvre. Pour cette raison, la méthode individ eNe d0| i talement
validée pour déterminer son applicabilité pour soumettre a I'essgj & i Hifsf'sans fil,
comme [décrit en D.4.2. La plage de fréquences valide, les distributians dg-D¥ niveaux
de DAS|applicables pour la méthode rapide de DAS doivepn e décrit
en D.4.pP. Les utilisateurs d’'une méthode rapide de DAS& {réle du
systeme pour démontrer la fiabilité et la cohérence de Jamé gcrit au DJ4.3.
Les méthodes rapides de DAS peuvent étre classée n 6.6 et
a ’Anngxe K.

La claspe des méthodes rapides de S t basée sur des mepsurages
effectuds par un équipement qui est conforme a gences de la présente Norme, mais des

techniqyies spéciales sont appliquées|pou itesse de mesure. Cette clpsse de
meéthod¢s est basée sur le ba

é

: b 2 %nce pest-traitement de la méthode rapide de
DAS individuelle utilisée foundimi e te esure, avec une exactitude plus faible
ou une fincertitude de mesuxe plus élevéexque le mesurage complet de DAS. Les mgthodes
rapides|de DAS décrite ormes aux parties normatives suivantes de la

présentg Norme i;

o Les sondes utilisées § formes a toutes les exigences normatives spécifiées
dang prenriant les exigences pour les dimensions, igotropie,
résojuti iale 3 que, linéarité, fonctionnement avec des signaux modulés
et éf : 8s méthodes rapides de DAS doivent étre utilisées uniquement
dans : gs dans lesquelles les exigences de sonde sont respegtées.

o Lalg Henique\doit étre conforme aux exigences de 5.6.
e Les|iqui equivalents aux tissus doivent étre conformes aux exigences de A.4.

o Les fantémes dejyént étre conformes aux exigences de 5.2 et de ’Annexe A.

e Le support de dispositif doit étre conforme aux exigences de 5.5

e Les conditions d’essai du dispositif en essai doivent étre conformes aux exigences de 6.2
et 6.3. Cela comprend les modes de fonctionnement, les niveaux de puissance, les
fréquences d’essai, les positions d'essai contre le fantédme et les configurations d'essai du
dispositif.

e Le mesurage de référence et la dérive de DAS doivent étre évalués pour chaque
mesurage, conformément a 6.4.2.

e Le nombre d’essais a appliquer au DUT doit étre conforme aux exigences de 6.3. La zone
sur laquelle le mesurage rapide de DAS est effectué doit couvrir au moins une zone plus
grande que la projection du combiné et de I'antenne comme expliqué au 6.4.2.

La principale différence réside dans le fait que ces méthodes rapides de DAS visent a réduire
le nombre de points de mesure en utilisant des variantes modifiées ou différentes aux
balayages de surface et balayages-zoom décrits en 6.4.2. La réduction du nombre de points
de mesure réduit en conséquence le temps de mesure étant donné que la sonde de DAS
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exige moins de mouvements mécaniques. En particulier, certaines des méthodes nécessitent
uniguement un balayage de surface grossier pour extrapoler les données volumétriques
exigées pour calculer le DAS maximal moyenné.

Une évaluation de l'incertitude de mesure de la méthode rapide de DAS doit également étre
effectuée. Pour les méthodes rapides de DAS utilisant un équipement qui est conforme aux
exigences de la présente Norme, les contributions a l'incertitude sont décrites en 7.4. Le
rapport des évaluations de DAS rapides doit étre réalisé conformément aux exigences de
I’Article 8.

Plusieurs publications associées a différentes méthodes rapides de DAS spécifiées en 6.6
sont disponibles. Il ne reléve cependant pas du domaine d’application de 6.6 de produire une
liste exraustlve de publicalions. En d aufres termes, les spécifications/donnges efh 7.4 et

a I'Article D.4 concernent davantage les exigences générales appli lider et
vérifier [une procédure rapide de DAS pour soumettre a I'essai sans fil
individugls et pour déterminer l'incertitude de mesure, plutdét que sthodes
rapides|de DAS spécifiques. L’Annexe K décrit une autre classg de DAS
qui n’est bnforme
aux exsig emples
décriva
6.6.2
Cette pi r but de
détermi
Les éta pide de
DAS. Voi Sflure est
appliquI . e de la
techniq tréle du
systeme t sur le
méme g systeme
de la mgthode ¢ cle D.2.
Le contfble du s AS peut
étre effe igences
pour lesg
a) Utili sur un
ense DAS, la
régiq 8 la zone
expqse edghobé . jecti iné. éte[de DAS
et | i i e décrit
au doivent
étre groupees separement pour chaque frequence et modulat|on méme SI le dispositif a
des bandes ds , , DAS est

appliquée pour effectuer des mesurages sur Ies N groupes de configurations d’essai.
Afin de réduire la probabilité de devoir effectuer un essai complet de DAS supplémentaire
a I'Etape f), I'essai rapide de DAS peut étre effectué pendant I'Etape a) aux fréquences
d’essai exigées de 6.2.5 lorsqu’il est probable que ces exigences s’appliquent.

b) Pour chacune des N bandes de fréquences et modulations évaluées a I|'Etape a),
déterminer la configuration d’essai ayant la valeur maximale de DAS mesurée par la
technique de DAS rapide, appelée DAS\,ax rapide i (i =1 @ N). Utiliser la méthode complete
de DAS (conformément a la procédure de 6.3; un balayage de surface réduit tel que défini
ci-dessous peut étre utilisé) pour mesurer chacune des N configurations d’essai de DAS le
plus élevé identifiées dans cette étape, appelée DAS,,« complet i Sélectionner la valeur
maximale parmi les N configurations d'essai, DASyax complet = MAX(DASmax complet - I
n'est pas nécessaire de répéter le balayage de surface entier pendant le mesurage
complet de DAS lorsque le nombre de valeurs de créte de DAS est déja connu a partir du
mesurage rapide de DAS. Toutefois, I'emplacement du DUT est essentiel pour la mise en
ceuvre de cette procédure.
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Pour le balayage de surface réduit, toutes les exigences de 6.3 s'appliquent, sauf que les
points autour de la grille de balayage de surface les plus proches de chaque valeur de
créte de DAS doivent étre mesurés. L'emplacement des valeurs de créte de DAS
déterminé par les mesurages rapides de DAS peut étre utilisé pour optimiser le nombre de
points mesurés au cours de ce balayage de surface réduit. Le nombre de valeurs de créte
de DAS déterminé au cours du balayage de surface réduit de DAS complet et du
mesurage rapide de DAS pour chaque configuration d'essai doit étre le méme. Les
emplacements des valeurs de créte de DAS par rapport au téléphone entre le balayage de
surface réduit de DAS rapide et le balayage de surface réduit de DAS complet doivent
également étre les mémes; mais ils peuvent étre Iégérement différents par rapport aux
coordonnées du fantbme (par exemple, la position (x,y) du dispositif par rapport au
fantdme SAM peut étre |égérement différente dans la tolérance de positionnement exigée).
Le nambre minimum de points mesurés qui entourent une valeur de crétede DAS doit étre
mesyré. Le balayage de surface réduit doit se conformer aux parametres définis|dans le
Tableau 1.

Parmi les N groupes de bandes de fréquences et modulations dé 3 N\E >choisir
le i-eme correspondant & DASpax complet @ I'Etape b). S lliser la
méthode compléte de DAS conformément & la procédure ¢ surface
réddit tel que décrit en 6.6.2). L'Etape b) peut étre utili 5 autres
conffjgurations d’'essai (j =1 a M, ou M est le nombre de confi pide de
DAS p

(10)
Brapidez

(11)
Uraplde i de DAS

certitude-type (k= 1) du bilan d’incertitude du
est essentiel pour la mise en ceuvre de cette
(10) et (11) sont dérivées pour un interyalle de
< PASmax rapice; - C€t intervalle de confiance est dopné par:

conforméme .
Tableau 14. '}

procédure. Note
conf

(DA \/DASmax rapide; +DASrapide.,2 <0- La résolution de DA‘WraPide i,j
ij 2
cong et (11), oU Upypige est l'incertitude-type et a une loi gaugsienne.

La V S 4 _est \e facteur pour un intervalle de confiance unilatéral & 95 % d’une

varia a Toi‘gaussienne.
A partir(dés mesurages complets de DAS qui ont été effectués jusqu’ici désignhés par
DAS boriplet i,/ choisir la valeur la plus élevée, DA5p|u§ élevé complet = max(DASco,np,et i)

qu LJUIII}JIUIIU LUULUO :UO UUIIIIsuIatIUIIO d UOOGI PUUI (UUIT O 1T O 1V balldco dU fl U\.'u nceS et
modulations différentes évaluées. Noter que DASp|us élevé complet est supérieur ou égal a
DASax,complet ObtENU @ I'Etape b), suivant que I'évaluation a I'Etape c) a produit ou non
des valeurs de DAS complet plus élevées que I'Etape b).

Pour chaque i-eme groupe de bandes de fréquences et modulations (i = 1 a N) qui n'a pas
été évalué selon I'Etape c), utiliser le seuil de la Formule (12) pour déterminer si I'Etape c)
est nécessaire:

' 2
DASmax,compIeti 2 DASpIus élevé,complet X [Bi -VB; -1 ] (1 2)

DASmax . complet i @ été mesuré a I'Etape b), DASpus_élevé complet a été déterminé a partir de
I'Etape d) et B; est calculé conformément & la Formule (13):
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1
5= : (13)
2 2
1- (1 64 \/Urapidei + Ucomplet, )

Ucomplet ; €St l'incertitude de mesure des mesurages complets de DAS conformément a
I'Article 7, correspondant a lincertitude-type (k= 1). Si la Formule (12) est remplie,
I'Etape c) doit étre appliquée sur ce i-eme groupe de conditions d’essai. La Formule (13)
donne des valeurs positives pour B,,,;qe ; (et des valeurs réelles pour DAS, 5,4 ; ;) lOrsque

\/Urapide,-2+Ucomp|et,.2 est inférieur a 1/1,64 = 61 %. Par conséquent, les systéemes DAS

rapides ne sont pas valides pour Urapide i 2 261 %. Il convient que les procédures de 6.6
fassent clalrement apparaltre qu un systeme DAS rap|de n ‘est pas utile SI son incertitude

s’ap rapide
s'ace surages
com b rapide
est g tables.

NOTHE Les Formules (12) et (13) sont dérivées pour une confiance de omplet la
plus |élevée dans la i-eme bande de fréquences et modulatio inférieure a
DAS Ces formules sont trés similaires aux Formule drence est

plus_élevé,complet®

que g Somme quadratique de U, |dez et Ucomme“ est utilisée dans appliquer l'incertitude
totalg lors de la comparaison de max,complet; &t d€ DASplus Teve-comblat” - est pppliquée

parcq que les deux valeurs de DAS ont été mesurées par la pféthode gomp(é AS, et I mcertltuce Urapldez
est appliquée parce que les deux valeurs de DAS ont été € S gtant les valeur$ les plus
élevéles de DAS dans leurs bandes de frequences et_modulations resp gur la base des njesurages
rapides de DAS. En dautres termes, } ) dans les valeurs de DAS rapide
mesurées (DAS, . .o ) 5 “1dDe

a effdctuer, et il existe une incertitude (U

f) Utiliser la méthode complete de autres configurations d’essai
quel i i : i_par la méthode rapide de|DAS a
I'Etape a) et ne sont A la présente Norme ou par des
réglementations nat|o e [ . 3 \rend I'assurance que les exigences de
6.3,| Etape 2) sont sa i ¢ I’essai de toutes les bandes de
fréqliences et de equeyices exigés dans la bande de fréquences
appljcable en ytilisa : y

6.6.3 Essai r 2 3 de fréquences exigées

Siles p .6.2 sont appliquées, une procédure pour assurer que

toutes | tous les canaux de fréquences exigés de 6.3|ont été

soumis |2 5 S prliquer les étapes suivantes. Noter que le positionnement du

DUT es i a8 mise €n ceuvre de cette procédure.

a) Identifi L figurations d’essai dans lesquelles des mesurages rapides|de DAS
ont [gté ec e au™canal qui est le plus proche du centre de la bande de fr¢quence
d’émission et 5sai dans la bande de fréquences applicable n’a pas été réalisé

b) Grolp&r conjointement toutes les configurations d’essai déterminées a [I'Htape a),
indépendamment de la bande de frequences ou modulation, et trier celles-ci dans 'ordre
décroissant du rapport R; = DASrap,O,e /DAS|imite (0U DAS|imite €St la limite applicable de
DAS pour cette configuration d’essai).

c) Effectuer les mesurages complets de DAS (selon la procédure de 6.4.2, un balayage de

surface réduit tel que décrit en 6.6.2, Etape b) peut étre utilisé) sur chaque configuration
d’essai identifiée & I'Etape b) selon la séquence k=1, 2, 3, etc. (sauf si ce mesurage a été
réalisé précédemment) lorsque la k-éme configuration a mesurer satisfait a la condition de
la Formule (14):

DASjimite

DASapide, = Rmin X 5

X(Brapide - Brapidez _1j (14)

ol R, est le minimum de I'ensemble des rapports de résultats de mesure rapide de DAS
et DAS complet correspondant disponibles R, = min{DASrapidek/DAScomp,etk} '
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d)

6.6.4 Procédure B de mesure rapide de DAS

Cette pf
I'évaluation est de démontrer la conformité du DUT par rappo
lorsque |la détermination exacte du DAS le plus élevé est exjgé
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Brapide =1/[1—(1,64max(Urapidei) )2} En d'autres termes, B,,4e €st la plus petite des

valeurs de B,4e ; dans la Formule (11) sur toutes les bandes de fréquences considérées
(c’est-a-dire, celle ayant la plus grande incertitude U,4piqe ;)-

Pour toutes les configurations d'essai dans lesquelles DAScomplet €St au plus & 3 dB de la
limite applicable de DAS a I'Etape c), mesurer le DAS & toutes les fréquences d’essai
exigées en 6.2.5. Une méthode rapide de DAS ou la méthode compléte de DAS peut étre
utilisée a cette fin.

Si une méthode rapide de DAS a été utilisée a I'Etape d), appliquer I'Etape e) de 6.6.2
pour toutes les bandes de fréquences, tous les canaux de fréquences et les modulations
pour vérifier si des mesurages complets de DAS sont exigés pour ces configurations
d’espat:

o
Q
[0
Q
c
=
(0]
oY)
Q
(0]
3
D
(2]
c
=
]
=
QO
=
Q
(0]
o
(0]
O
>
w
©
0]
c
—
[
—_
=
]
Q
©
o
o)
c
(]
q
LV

Fipal de
de DAS

Les éta pide de

DAS. A chnique

de DAS sontréle du systgme doit

étre effe et sur le méme sysiéme de

mesure ¢ i

a) Utilis r toutes
les résente
Nornne ou par des reglementaho S n oRales i . ‘assurance
que i b toutes
les 1 bcédure
de §.6.3. ent aux
N ba
NOTH Andes de
fréqup

b) Pour 2 fréquences et modulations évaluées a I'Efape a),
déte egSai ayant la valeur maximale de DAS mesurée par la
techni gpelée DASay rapide (i = 1 @ N). Utiliser la méthode compléte
de [ e de 6.4.2) pour mesurer chacune des N configurationg d’essai
ident le etape, appelée DASy .y complet - S€lectionner la valeur maximale parmi
les | dgssai, DASmax complet = MaX(DASmax complet i)-

c) Poul toustl&s N groupes de bandes de fréquences et modulations définis a I'Efape a),
utiliger’ Jla” méthofle compléte de DAS (conformement a la procedure de 6.4.2) pour

mes bre de
configurations d’essai rapide de DAS dans le i-eéme groupe) au canal donnant le résultat
de DAS rapide le plus élevé si la condition de la Formule (15) est satisfaite:

2
DASrapide,-J 2 DASjimjte % (Brapide,- - Brapide,- -1 J (19)

B

Urapide ; dans la Formule (11) est I'incertitude de mesure des mesurages rapides de DAS
conformément a 7.4, correspondant a l'incertitude-type (k= 1) du bilan d’incertitude du
Tableau 14.

rapide i est calculé conformément a la Formule (11).

NOTE 1 Les Formules (11) et (15) sont dérivées pour un intervalle de confiance a 95 % ou DASrapide, | < DASimite -
i

. ) . . 3 2
Cet intervalle de confiance est donné par: (DASimite ~ DASrapide,; ) — 164 Urapide,-\/DASIimite + DASrapige,” <0 - La résolution

de DAS;apice, conduit aux Formules (11) et (15), ou U est I'incertitude-type et a une loi gaussienne. La

rapide i
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valeur de 1,64 est le facteur pour un intervalle de confiance unilatéral a 95 % d’une variable aléatoire a loi
gaussienne.

NOTE 2 L’essai complet de DAS peut étre limité au canal donnant le résultat de DAS rapide le plus élevé
uniquement lorsque des distributions relatives de DAS entre des canaux sont identiques. Sinon I'essai complet
de DAS pour tous les canaux est nécessaire. Dans certains cas spécifiques (par exemple, des signaux a
bande étroite), une comparaison visuelle des points ou tracés de mesure de DAS pour différents canaux peut
étre appliquée pour s’assurer que les distributions de DAS sont identiques.

d) Pour tous les mesurages complets de DAS effectués aux Etapes b) et c), calculer et
enregistrer le R;; conformément a la Formule (16):

DASapide. . — DAScomplet. -
RH _ rapi e,'_, comple iyj (16)

Lj D4S
Zrocompret; ;

Podir tout R;; > Urapide ;,» effectuer des mesurages complets d¢ autres
corjfigurations d'essai dans cette bande de fréquences et £ j e canal
d’epsai pour chaque configuration d'essai doit étre le cane de DAS
rapjide le plus élevé pour cette configuration d'essai (le Jifférent
pour chaque configuration d'essai). Le résultat de psuré a
noyveau avec un DAS complet, a moins qu'un mes jéja été
effectué a une étape précédente. Noter que certaines<confj d’essai peyvent ne
préisenter qu’un résultat de DAS rapide, qui doi > e le résultag le plus
élepé.

e) Si K;; = Upgpige; POUr I'un quelcop
DAS}omplet €St au plus a 3 dB deNa limite , effectuer des mepurages
comale s de DAS pour les canaux d i C au 6.2.5 pour la comlbinaison
bande de fréquences/modulation /&t positi ssai {i,j}. De plus, pour toytes les
confjgurations d'essai restantes d S8 Ri; SUrapide i €t DAScomplet est ap plus a
3 dB de la I|m|te appli a tous les canaux d'essai exigés en
utilis ethode compléete de DAS. Si une méthode
rapide de DAS eshutili ée, Etapés.c) ef d) doivent étre répétées pour Ig ou les
nou id% surer que tous les mesurages complets [de DAS
nécegssaires

f) A partir des
désignés
DAS
dang |

aux Etapes b) g d) ou

AS qui ont été effectués aux Etapes b), c),|d) et e)
choisir la valeur la plus élevée,
let ;,7); QUi comprend toutes les configurations| d'essai
es N bandes de fréquences et modulations évaljées.

NOTE 1 - sypérieur ou égal a DAS .y complet obtenu a I'Etape b), suivant que I'¢valuation
a l'Et 8)-a pro it ou non des valeurs de DAS complet plus élevées que I'Etape b).

L'organ
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i AN NO
O Preparation of System ” F‘) }éf:j ‘ N

QYES

4 -
For each test configuration where R ;> Utast s,

Group all configurations separately

per frequency band and modulation perform full SAR (6.3) for all remaining test

configurations in frequency band and
modulation (i) at test channel having the

Q highest fast SAR result

e’

-
Perform fast SAR Measurements Q
k (6.6.4 step (a)) NO All tests in
‘ 6.6.4 step (d)
1

A
N\

{} pertorned
NO / All tests in &st
| 6.6.4 step (a) - (@A

\,
performed? Calculate thé€ R, Yo S
YES configurations tested dgingfull S %
& measme s (bkto >
AN \ AN
Perform full SAR measurements A\
(6.3) for test configurations with
highest fast SAR value for each o

6.6.4 step (b)

:>L frequency band and modulation

L W R
Foredch 85t configuration where
i; 2 Utasts, gnd SARzy within 3dB of SAR ~_~
limit; full SAR (6.3) for all required

test channels (6.2.5).
\5 For all remaining test configurations where j

@

R W< Ulast i, and S4Ryy within 3dB of SAR limit,
measure SAR for all required test channels
(6.2.5) using either fast or full SAR method.

I/'
j>k

-

\n

If fast SAR method is used, repeat steps c) to
d) using new fast SAR results to ensure all full
SAR measurements have been performed.

-

AN N\
Ca tethe R; MorAll - -
coxfigations tested using full SAR Determine the maximum
&as in steps (b) and (c) psSAR for all full SAR
N

measurement performed.

IEC

Anglais Francais
Preparation of system Préparation du systéme
Group all configurations separately per frequency | Grouper toutes les configurations séparément
band and modulation conformément a la bande de fréquences et a la
modulation

Perform fast SAR measurements (6.6.4 step (a)) Effectuer les mesurages rapides de DAS (6.6.4

étape (a))
NO NON
YES Ooul
All tests in 6.6.4 step (a) performed Tous les essais en 6.6.4 étape (a) effectués
Perform full SAR measurements (6.3) for test Effectuer les mesurages complets de DAS (6.3)
configurations with highest fast SAR value for pour les configurations d’essai avec la valeur la
each frequency band and modulation 6.6.4 step plus élevée de DAS rapide pour chaque bande

(b) de fréquences et modulation 6.6.4 étape (b)
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Anglais

Francais

All tests in 6.6.4 step (b) performed

Tous les essais en 6.6.4 étape (b) effectués

Test other configurations which meet the
conditions of 6.6.4 (c) using full SAR (6.3)

Soumettre a I'essai d’autres configurations qui
remplissent les conditions de 6.6.4 (c) en
utilisant le DAS complet (6.3)

All tests in 6.6.4 step (c) performed

Tous les essais en 6.6.4 étape (c) effectués

Calculate the R. Jfor all configurations tested
using full SAR Measured in steps (b) and (c)

Calculer le R, . pour toutes les configurations
iJ

soumises a I’essai en utilisant le DAS complet

mesuré aux étapes (b) et (c)

For each test configuration where R, . > U, ;

perform full SAR (6.3) for all remamlng test
configurations in frequency band and modulation

Pour chaque configuration d’essai dans laquell
R - Ura ide i’

i
de DAS (6.3) pour toutes les autres_

effectuer les mesurages complets

e

(i) pt test channel having the highest fast SAR
reqult

configurations d’essai dans la bande
fréquences et modulation (i) canal d’egsali
ayant le résultat de DAS ra ide'le @us{éle &

Calculate the R, . for all test configurations tested
using full SAR measured in steps (b) to (d)

Calculer le R, ; pour tou es lgs eonfi
d’essai soumlses en utili ant
complet mesuré a x é (b a (

R[> U,

fast i

rapide i,

Fof each test configuration where R, . > U,
and SAR; , within 3dB of SAR limit, perform fuII
SAR (6.3) for all required test channels (6.2.5)

>U
sai gans laquel
e lus a 3dB g

Ies mesurages
ous les canaux

[

Fof all remaining test configurations whére
Ugls; @nd S4R ,, within 3dB of SAR limit,
measure SAR for all required test channels
(6.R.5) using either fast or full SAR meth

Ie&a)]tr ctonfigurations d’essai
les R, Urap|dez et DASComplet est
dB mlte de DAS, mesurer le DA

les canaux d’essai exigés (6.2.5) en

wo

U7

If fast SAR method is us
using new fast SAR res
measurements have peen

réshitats de DAS rapide afin d’assurer que tou
mesurages complets de DAS ont été
effectués

&ter

6.9.4 step (e

6.6.4 étape (e)

Defermine the ma. |mu \f\%
measurement

Déterminer le DAS maximal moyenné le plus
élevé pour tous les mesurages complets de DA
effectués

S

6.7 R e DAS

7

6.7.1 es générales

ur 8 —Procédure B de mesure rapide de DAS

Le nompre‘d’essais de mesure de DAS exigé pour identifier la configuration donnant

le DAS

maximal moyenné Te plus éleve pour un DUT pouvant émetire dans plusieurs bandes et avec
différentes configurations d’utilisation peut étre élevé. C’est également le cas si le DUT peut
étre utilisé avec différents accessoires. Le temps de mesure total exigé pour soumettre a
I’essai un dispositif de communication personnel sans fil peut étre réduit en utilisant des
techniques de mesure rapides qui réduisent le temps de mesure de chaque essai ou en
réduisant directement le nombre d’essais a réaliser. La premiére approche est décrite en 6.6
et la seconde approche est décrite en 6.7. La combinaison des techniques de réduction
d’essai avec les mesurages rapides de DAS exige d’autres investigations qui seront prises en
compte dans les versions futures de la présente Norme. Les méthodes de réduction d’essai
de DAS appliquées pendant les essais doivent faire I'objet de rapport comme décrit en 8.2,

Etape f).
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Le paragraphe 6.7 décrit d'autres approches pour réduire le nombre d’essais. Ces approches
sont:

e réduction d’essai pour différents modes de fonctionnement a la méme bande de
fréquences d'essai en utilisant la méme technologie sans fil;

e réduction d’essai basée sur les caractéristiques de conception du DUT;

e réduction d’essai basée sur I’'analyse de niveau de DAS maximal;

e réduction d’essai basée sur des considérations d’émission multibande simultanée.

Des mesurages complets de DAS doivent étre réalisés pour évaluer chaque approche de
réduction d’essai.

NOTE 1 |Par exemple GSM, GPRS et EDGE (tous utilisant la modulation GMSK) sont
a méme technologie sans fil contrairement a GSM et UMTS.

e‘appartenant

NOTE 2 f auX Dprésente
Norme dg réduire le temps exigé pour les essais. Ces autres essais ne so i i i eur de la
présente brmalisée

décrite dg9 6.1 a 6.5.

6.7.2 Réduction d’essai pour différents modes de foncti Bme he

Si différents modes de fonctionnement (mody, mo . ' ande de
fréquengces, des procédures peuvent i nombre

de mesll:rages pour les modes de .) sans
comproimettre la fiabilité de I'essai po peuvent
étre apq

a) Le méme étage d’ampljfi

b) La méme antenne est

c) Aucpne technique Be pour

mody et mod
d) La méme tec®0|

e) Soit est utilisée et cette modulation a une amplitude
cong lessous
de II

f) L'ét [ est valide a la fois pour mody et mody (c'est-aidire, le
certifi de sonde définit la validité et lincertitude de [I'étajonnage
appli ody et mody).

g) Le mémessy de mesure de DAS (sonde, fantéme, liquide, électronique) est utilisé
pou s de fonctionnement.

h) La fréguence norteuse REF de mod.. est la méme que pour mod

i) Le rapport de largeur de bande de canal (R,,) de mody et mod, satisfait a la Formule (17):

BWmod Y

<03 (17)
BWmodx

Ry = ~1

Afin de réduire le nombre d’essais exigés, la procédure suivante peut étre appliquée si toutes
les conditions ci-dessus sont remplies:

NOTE GSM et GPRS utilisent GMSK, qui est une modulation d’amplitude constante; par conséquent, la puissance
de sortie maximale moyennée par rapport au nombre maximal d’intervalles de temps utilisés dans chaque mode de
fonctionnement peut étre utilisée pour déterminer le mode de fonctionnement le plus prudent pour I'essai de DAS.
De maniére similaire, EGPRS (qui utilise GMSK et 8PSK) peut étre inclus avec GSM et GPRS dans cette
détermination du mode de fonctionnement le plus prudent pour I'essai de DAS en raison de ses similarités
intrinséques avec GSM et GPRS. D’autre part, WiMAX utilise OAMRF avec un rapport puissance de créte a
puissance moyenne élevé s’il est attendu que I'erreur de mesure de DAS varie avec la puissance.
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Etape 1 Essai de tous les modes de fonctionnement (mody, mody, etc.) dans l'une
quelconque des configurations d’essai normalisé (par exemple, oreille gauche,
position de toucher).

Etape 2 Essai complet dans toutes les configurations d’essai normalisé du mode de
fonctionnement qui a la valeur la plus élevée de DAS a I'Etape 1.

Etape 3 Essai complet dans toutes les configurations d’essai normalisé de tous les autres
modes de fonctionnement évalués a I’Etape 1, pour lesquels les deux conditions
suivantes s’appliquent:

e le DAS mesuré a I'Etape 1 pour le mode de fonctionnement a I'étude est au
plus a 15% de la valeur de DAS mesurée a I'Etape 1 du mode de
fonctionnement de DAS le plus élevé (c’est-a-dire, le mode de fonctionnement

} : - ol o ey o0 4
CIHTUTST POUT Uliiioativuit d T EidpPtt o), ©L

e le DAS le plus élevé a I'Etape 2 est au plus & 15 % d igable de

DAS.

La marge de 15 % correspond approximativement a la moitjé
élargie maximale en 7.3.2.

mesure

6.7.3 Réduction d’essai basée sur des caractéristi

Il existd une large plage de conceptions différent marché.
L’analyge de données DAS a I'Article L.2 a moniré ction et
d’excludion d’essai peuvent étre appligue e ennes a
montag¢ interne et des fréquences d ctid { criteres

sont bagés sur les emplacements d’an nbing eles de
combiné ] i d’appui
supplén

Pour un DUT avec une aaqte i p interne
montée|dans la moitié[de plus du

bas du [dispositif, lorsque
une barlde de frnc
DAS, I'kssai dan

d’antenne, lorsque le
DAS le

e" pour
mite de
cements
bssai de
a limite

Les conditi i B méme
i D ppliquer

RF est utilisé (émetteur, point d'alimentation de I'antenne, éléments
d’adaptation, etc.). el

b) La méme antenne ou mise a la terre de I'antenne est utilisée.
c) Aucune technique MIMO (entrées multiples et sorties multiples) n’est appliquée.
d) Le méme systéme de mesure de DAS (sonde, fantéme, liquide, électronique) est utilisé.

Quand le DAS n’est pas mesuré a la puissance de sortie maximale la plus élevée autorisée
pour le dispositif, les exigences réglementaires peuvent imposer que le DAS en position
"joue" et en position inclinée soit mis a I'échelle a la puissance de sortie maximale la plus
élevée en vue d’appliquer le seuil applicable pour la détermination de la réduction d’essai.
Pour appliquer une réduction d'essai supplémentaire pour le DUT en utilisant la méme
antenne interne montée en bas pour plusieurs modes de communication au sein de la méme
technologie sans fil et des mémes bandes de fréquences, sélectionner le systéme de
communication avec la puissance de sortie maximale moyennée la plus élevée et effectuer la
procédure d’essai complet de DAS, y compris toutes les configurations et positions d'essai
spécifiées en 6.3. L'essai dans des positions inclinées pour d'autres systémes de
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communication au sein de cette méme bande de fréquences n'est pas exigé, quel que soit le
niveau de DAS en position(s) "joue", si les deux conditions suivantes sont remplies.

1) La position "joue" a la valeur de DAS maximal moyenné la plus élevée pour une bande de
fréquences.

2) Les valeurs de DAS maximal moyenné pour les configurations dans la position inclinée
sont au moins a 30 % au-dessous de la limite de DAS.

Le rapport d’essai de DAS doit comprendre des dessins ou des photos représentant la
configuration et les emplacements d’antennes dans le DUT et décrivant les modes de
fonctionnement sans fil applicables pour chaque antenne afin d’étayer la réduction et
Iexclu3|on d’essai enwsagees Si la reductlon d' essal relative a des dlsposmfs avec la méme

antenne in d’'une
méme ioh RF et
d’anten d’essai
de DAS
L’Articlg ée pour
étayer @
6.7.4
Cette a b-zoom"
pour ch suré du
"balaya de DAS
maxima
e corrg un DAS
max
e corrg D
NOTE G . Dans ce
protocole )mplet de
DAS") es maximal
moyenné ffi age-zoom
pour des particulier
pour estin
La justificatio ant cette approche de réduction d’essai sont présentées a
I'Article S cernent des combinés fonctionnant dans les |[bandes
GSM90 v'Le protocole décrit ci-dessous est applicable uniquemnjent aux
modes (¢ ot bandes de fréquences particuliers ci-dessus (par exemgle, il ne
s’appligue pa es GSM850, PCS1900 ou GPRS), et ne s’applique pas a I'gssai de
conformité d’&nvissions multiples (6.4.3). Les parametres d’espacement de grille de bjalayage
de surfgce’ utilisés pdur les études de I'Article L.3 sont tous deux (directions x et y) définis a
10 mm, [ainsi ils satisfont aux exigences décrites dans la présente Norme. Les balaypges de

surface ont été effectués a une distance spécifiée fixe représentant un espacement de 4 mm
entre les capteurs de la sonde et la surface interne du fantéme SAM.

Lors de I'application du protocole décrit ci-dessous, il est nécessaire:

1) d’ajuster les parametres de "balayage de surface" spécifiés dans le Tableau 1 afin
d’utiliser un espacement de grille ne dépassant pas 10 mm;

2) d’effectuer les balayages de surface a une distance maximale fixe de 4 mm entre les
points mesurés (centre géométrique des capteurs) et la surface interne du fantéme.

Le protocole de réduction d’essai monobande (valide pour chaque mode de fonctionnement
pris en charge par le DUT) est décrit ci-dessous.

a) Mesurer le DAS local comme décrit en 6.4.2, Etape a).
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b)

c)

d)

Effectuer la procédure de balayage de surface pour une des positions définies en 6.2.4, a
la fréquence centrale de la bande en question, comme indiqué dans le schéma de mesure
complet décrit en 6.4.2.

Déterminer le DAS maximal du balayage de surface. Celui-ci est défini comme étant le
premier DAS maximal absolu (APS: absolute peak SAR).

Effectuer le balayage-zoom, comme indiqué dans le schéma de mesure complet décrit en
6.4.2. Evaluer et gérer la dérive de mesure comme indiqué en 6.4.2, Etape f).

Pour toutes les autres positions et tous les autres canaux de fréquences a soumettre a
I’essai, répéter les Etapes 1) a 5) suivantes:
1) Mesurer le DAS local comme décrit en 6.4.2, Etape a).

2) E 5 indique—dans éma de
hesure complet décrit en 6.4.2, Etape b).

a l'APS,
;mal du

3) Bvaluer le DAS maximal du balayage de surface; si cette val
éterminé a I'Etape c), I'APS doit alors étre attribué a la

surface
Lipérieur
nce est
st exigé
ppliquer

arive est

de fagon
‘Efape e),

e-seuil TH(f) utilisées
dduction d'essai proposé

TH(f)

/\esma0n g 0,75

0,75

04
\ \%S\QOO 0,60

N\ TS X 0,60

Spirer 060

Les Bandes Vw 3GPP UMTS-FDD ont des fréquences de liaison montante trées proches de GSM900
et DCSA800 respectivement. Méme si seuls les dispositifs fonctionnant dans les bandes GSM900, QCS1800
et UMTS/I ont été pris en compte dans I'Article L.2, les seuils ci-dessus doivent étre appliqués| pour la
Bande VI de UMTS-FDD et la Bande TX de UMTS-FDD.

Lorsque la procédure actuelle de réduction d’essai est suivie:

Le schéma de principe a gauche de la Figure 5 doit étre appliqué.

Le schéma de principe a droite de la Figure 5 ne doit étre appliqué que pour le premier
mesurage de DAS. Des mesurages de DAS ultérieurs doivent étre effectués selon la
Figure 9, qui est une modification de la procédure décrite a la Figure 5.
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Measurement 6.4.2 modified

SAR reference measurement 6.4.2 (a) \

v

Area scan 6.4.2 (b-c)

Peak No
SAR>13 AN
No
Peak SAR >
Yes TH3xA4PS
Yes

Zoom scan 6.4.2 (d-e)

Wik Y/

{

O\~ 7

0> )

.

ak in cube?”

All primary and
secondary peaks
required by 6.4.2
(d-e) tested?

Yes

IEC
APS = DAS maximal absolu. Voir 6.7.4.
Appliquer cette étape seulement si le balayage-zoom a été effectué.
Anglais Francais

Measurement 6.4.2 modified

Mesurage 6.4.2 modifié

SAR reference measurement 6.4.2 (a)

Mesurage de référence de DAS 6.4.2 (a)

Area scan 6.4.2 (b-c)

Balayage de surface 6.4.2 (b-c)

Peak SAR > 1,3

DAS maximal > 1,3

Peak SAR > TH x APS

DAS maximal > TH x 4PS

Yes

Oui

No

Non

IEC 62209-1:2016 © IEC 2016
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Anglais Francais
Zoom scan 6.4.2 (d-e) Balayage-zoom 6.4.2 (d-e)
SAR drift measurement 6.4.2 (f) Mesurage de dérive de DAS 6.4.2 (f)
Shift cube center Déplacer le centre du cube
Peak in cube? Maximum dans le cube ?
Select next peak Sélectionner maximum suivant
All primary and secondary peaks required by Tous les maxima primaires et secondaires exigés
6.4.2 (d-e) tested? par 6.4.2 (d-e) soumis a 'essai?

Figure 9 — Organigramme modifié de 6.4.2

L’Articlg L.3 présente la justification pour les niveaux de seuil utilisé présent
protocole de réduction d’essai, basé sur 'analyse spatiale du gradientde

6.7.5 Réduction d’essai basée sur des considérations d’émi
simultanée

Dans upe émission multibande simultanée, le dispositif feut ndes de
fréquenfes multiples en méme temps, par exemple, ' 2 bande élargie a
2 GHz ¢t une émission de réseau local sans fil (W : puissance de sortie

moyennge d’'un émetteur secondaire (c’est-a-dire, |I'é aible puissance, par
exemple Bluetooth, WLAN) peut étre beaucou plus fai eIIe de I’émetteur primaire
(c’est-aidire, I'émetteur de puissancg AT ple/” AMRC a bande ¢largie).
Dans cgrtains cas, I'émetteur secondaixe pe ¢ ‘esgai de DAS lorsqu’il est utilisé

seul. Cependant, lorsque les émetteurs\primai aire sont utilisés conjoiphtement
(émissign simultanée), la re étre dépassée. Un moyen de
détermination de la puissance de seui gcondaire qui lui permet d’étfe exclu
de I'esspi de DAS est exigé.

Une fa¢on de déter

(Pdlsponlble) _COﬂS'te 5
I'émettelur prlm

ance de seuil pour I'’émetteur segondaire
partir du DAS maximal moyenné mesuré de

ax,, X(DAS"m —DAS1)/ DAS"m (18)
ou
Prax.m qui est calqulé par
Par exg = 2,0 W/kg et une masse d'intégration de

=20 mW.

m =10 g dennent uneé puissance d'émission totale de P, ,,

Une limite d'exposition de DAS);,, = 1,6 W/kg et une masse d'intégration de m = 1 g donnent
une puissance d'émission totale de P, ,, = 1,6 mW.

La formule ci-dessus peut aisément étre généralisée au cas dans lequel plus de deux
émetteurs émettent simultanément. S'il y a N émetteurs simultanés et que le DAS maximal
moyenné des N — 1 premiers émetteurs est connu (DA4S;), alors le niveau de puissance de
seuil pour le N-iéme émetteur peut étre dérivé de la Formule (19):

N-1
Faisponible = Fmax,, X (DASjim — ZDASi)/DASIim (19)
i=1

NOTE L’applicabilité de seuils de puissance tels que définis a '’Annexe B de I'lEC 62479:2010 pour remplacer

P axm dans le cas ou (i) le DUT est mesuré a I'oreille du SAM et (ii) les parties rayonnantes du DUT sont a moins
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de 5 mm de la surface du fantdme est actuellement a I'étude. La définition de nouveaux seuils de puissance pour

une telle configuration est nécessaire.
7 Estimation des incertitudes

7.1 Considérations générales

711 Concept pour I'estimation des incertitudes

Les concepts pour I’estimation des incertitudes dans le mesurage du DAS de dispositifs sans
fil sont basés sur les regles générales décrites dans le Guide ISO/IEC 98-3:2008 pour
I’ expressmn de I' mcertltude de mesure [68] Cependant I estlmatlon des mcertltudes pour des

mesura A : d’ingénierie
spécifigles et de haut niveau. Afln de faciliter cette tache des lignes dlre et des
formule$ d’approximation sont présentées dans I'Article 7 afin de pe I'e ation de
chaque | composante individuelle de [l'incertitude. Le concept ¢ pour\produire
I'incertitude du systéme pour la plage entiére de fréquences de 300 et pour tout
disposit|/f en essai relevant du domaine d’application de la prg S btion de
I'incertitude décrite dans I'Article 7 est également congue pou etre € plicable
aux sysiemes de mesure de DAS conformes aux exigence : utefois,
certains| systémes de mesure peuvent exiger une ana de Ilncartitude.
Etant d t de ce
domaing d’application, l'incertitude peut étre surestimé afin de
ne pas p [ e décrit
dans I'Article 7.

Il doit & lisposer
d’'une d enant la
meéthod le selon
laquelle|l’ mcertltude a été

7.1.2 | Evaluations ¢

Les deux évalu 2 tilisées.
L'évalugtion de I'inc€ert appelée
évaluati i j Iuatlon de Imcertltude par des moyens aufres que
I'analyse type B.
Chaque 2dart-type
estimé, ariance
estimée|

Quand ype A est effectuée, l'incertitude-type u; doit étre déduite en |utilisant
I’écart-type esti observations statistiques. Lorsqu’une analyse de type B est effectuée,
u; provignt.des limites haute a, et basse a. de la grandeur en question, selon la fonctign de loi

de prob bilité utilisée définissant ¢ — (a+ — n_)/?, alors:

— loi rectangulaire: u; :%/g
— loi triangulaire: u; =4
° = e

— loi normale: u; =
— loi en U (asymétrique): u; = ¢
(asymétrique):  u;= 9/
est la demi-longueur de I'intervalle établi par les limites de la grandeur d'influence;

est le facteur d'élargissement;

u; est l'incertitude-type.
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Des écarts-types prédéterminés basés sur un nombre plus grand d’essais répétés peuvent
étre utilisés pour estimer les composantes de l'incertitude dans des cas ou le systéme, la
méthode, la configuration et les conditions, etc. sont représentatifs du DUT spécifique [145].

71.3 Degrés de liberté et facteur d'élargissement

Lorsque le nombre de degrés de liberté est inférieur a 30, un facteur d'élargissement de 2
n’'est pas le facteur multiplicatif approprié pour atteindre un niveau de confiance de 95 % [21].
Une méthode simple mais seulement approximativement correcte est I'utilisation de la loi de
Student avec ¢ a la place du facteur d'élargissement k. Les écarts-types de la loi de ¢ sont plus
étroits que pour les lois normales (gaussiennes), mais approchent la forme gaussienne pour
un grand nombre de degres de liberté. Les degrés de liberté pour la plupart des mcertltudes-
types st 3 -Ainsi le
nombre dépend
principa itude par
rapport pux contributions de type B. Le facteur d'élargissement k Qulations
d’échantillons doit étre déterminé par la Formule (20):

kp :tp(veff) (20)
ou
kp est le facteur d'élargissement pour une prohabilit
1,(vess) | estlaloide z
Ve est le nombre de degrés de ik Welch-
Satterthwaite:
(21)

c; edt le coef&':;;?
V; est le nombr¥ d
L'indice|p fait réfe ; i 5 tables
de valelurs L

NOTE A
grandeurg d 11 (Colonne h) est u, = 13,9 % avec des valeurs hypothétiques de toléfances de
positionng 16,0 % et 5,0 %. A partlr de la Formule (21) et du Tableau 11, Colonnes|f, h, et k,
les degrés de libertg effectifs pour I'incertitude-type composée sont v, = 136 ainsik=2's appllque dans|ce cas et
l'incertitudle élargie Y=2x13,9 % = 27,8 %. Afin de representer I'effet de variations de composantes
spécifiqugs,Sdn exemple extréme porte sur les incertitudes-types pour des variations de positionnemgnt et de
support 22 % et 15 % respectivement avec des degrés de liberté égaux a cing pour chaque (v 35). Alors
u, = 29,0 %, vy =25 k= kp =k = 2,11 [121], et l'incertitude élargie U = 2,11 x 29 0 % =61,2 %.

outes les

95 = 1 = lg5 ¥ lg5 45 =

7.2 Composantes contribuant a I’incertitude
7.21 Généralités

Chaque composante de l'incertitude qui dépend de la fréquence doit étre évaluée dans la
bande de fréquences ou [I'évaluation de DAS est effectuée. Pour les modes de
fonctionnement dans une plage de fréquences donnée, la contribution a l'incertitude est la
valeur la plus élevée obtenue dans cette plage de fréquences.
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7.2.2 Etalonnage des sondes de DAS
7.2.21 Généralités
Un protocole pour I'évaluation des coefficients d'étalonnage de sonde de DAS et I'estimation

de l'incertitude est donné en Annexe B. L’incertitude de la sensibilité de sonde doit étre
estimée en partant de 'hypothése d’une loi de probabilité normale.

7.2.2.2 Isotropie de la sonde

L’isotropie de sonde de champ E est une mesure de I'écart de la réponse de sonde a une
polarlsatlon de champ arbitraire. En general Ies champs em|s par un combiné ont une

une composante de polar|sat|on prédominante parallele a la surface du f ntom ison de

la phygiqgue du mécanisme d’absorption [138]. L’incertitude d’i hérique
(u,sotrop, hemlsphenque) est associée a une polarisation de champ 4 end une
incertitude d’isotropie axiale) et une incertitude d’isotropie axiale (u ssociée
a des champs perpendiculaires a I'axe de sonde.

L’isotropie de la sonde doit étre mesurée selon le I'Aninexe B.

L’incertitude due a [l'isotropie ( ”|sotro£|e) doit étre i de probabilite

rectangulaire donnée par la Formule

(22)

ou w; eg
autour d’

te les angles d’'incidence dy champ
sonde.

Si pendant le mesurage, ientatj S sonde est essentiellement perpendiculdire a la
surface ue 3 GHz < f'< 6 GHz), alors w; = 0,p. Sinon,
=1(¢ hémisphérique domine).

7.2.2.3 inéarité imite 8_dé ion de sonde

Etant d
mais uri

aire de la sonde ne dépend pas du milieu env|ronnant
de la diode, I’évaluation des fonctions de linéarisatipn f,(7;)
pour un ffectuée dans I'espace libre ou dans le liquide équivalent aux
tissus (p , nodulés, utiliser la procédure décrite en 7.2.2.4). Cela est gpffectué
par un e issance couvrant la plage de détection de DAS spécifiée ou une plage

ou guides, d’ondes_sont préférables, étant donné que des intensités de champ [élevées
peuvent &tte prodwtes avec des ampllflcateurs de moyenne pwssance Llncertl ude de
linéarité 2 ique de
puissance a partir de la droite de meilleur ajustement de référence passant par zéro
(DAS = a'P, ou a est la pente de meilleur ajustement, en utilisant la méthode des moindres
carrés) définie sur l'intervalle de 0,12 W/kg a 100 W/kg. L'incertitude de linéarité pour un
signal CW est déterminée comme suit:

DAS(R)ow, =100 Wikg DAS(P e
: ) .
DAS incertitude de linéarit [0] = max max [1 00x  p.a L 1] (23)
JE Y, Z DAS(E)CW]=O,12W/kg ita

Dans ce cas, DAS(P,)c; est le DAS mesuré pour un signal CW au i-eme niveau de puissance,
P;. L'indice j fait reference aux capteurs de champ pour lesquels la procédure doit étre
repetee Une loi de probabilité rectangulaire est retenue pour l'incertitude de linéarité de
sonde dans le Tableau 11, le Tableau 12 et le Tableau 13.
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NOTE A des niveaux de DAS aussi élevés que 100 W/kg, la température du liquide peut augmenter
significativement, ce qui cause des écarts de parameétres diélectriques. Afin d’éviter ce probléme, il convient de
veiller a assurer que le liquide soit exposé a des niveaux de DAS élevés uniquement pendant de courtes périodes.

L’incertitude de limite de détection de sonde est déterminée en comparant le DAS mesuré
(DAShes) @ un niveau de puissance de référence P4 avec la valeur du DAS de référence,
DAS, s = a'Prgs, au méme niveau de puissance, en utilisant la pente de meilleur ajustement
telle que déterminée ci-dessus.

Ulimite de détection [%] =100 x % =100 x % (24)
ref a- Fef
Le niveau de puissance de référen