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Calibration Laboratory of

s Schweizerischer Kalibrierdienst

Schmid & Partner ¢ Sarvice suisse d'étalonnage

Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ] Swiss Calibration Service
Accredited by the Swiss Federal Office of Metrology and Accreditation Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
NORMx,y.z sensitivity in free space
ConF sensitivity in TSL / NORMx,y,z
DCP diode compression point
Polarization o @ rotation around probe axis
Polarization & $ rotation around an axis that is in the plane normal to probe axis (at

measurement center), i.e., 8 = 0 is normal to probe axis

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

b) IEC 62209-1, “Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

Methods Applied and Interpretation of Parameters:
s  NORMx,y,z: Assessed for E-field polarization 3 = 0 (f = 900 MHz in TEM-cell; f > 1800 MHz:
R22 waveguide). NORMx,y,z are only intermediate values, i.e., the uncertainties of
NORMx,y,z does not effect the E*-field uncertainty inside TSL (see below ConvF).

s  NORM(f)x,y.z = NORMx,y,z * frequency_response (see Frequency Response Chart). This
linearization is implemented in DASY4 software versions later than 4.2. The uncertainty of
the frequency response is included in the stated uncertainty of ConvF.

s«  DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of
power sweep (no uncertainty required). DCP does not depend on frequency nor media.

* ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or
Temperature Transfer Standard for f < 800 MHz) and inside waveguide using analytical field
distributions based on power measurements for f > 800 MHz. The same setups are used for
assessment of the parameters applied for boundary compensation (alpha, depth) of which
typical uncertainty values are given. These parameters are used in DASY4 software to
improve probe accuracy close to the boundary. The sensitivity in TSL corresponds to
NORMzx,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A
frequency dependent ConvF is used in DASY version 4.4 and higher which allows extending
the validity from + 50 MHz to + 100 MHz.

+ Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using a
flat phantom exposed by a patch antenna.

+ Sensor Offsef. The sensor offset corresponds to the offset of virtual measurement center
from the probe tip (on probe axis). No tolerance required.

Certificate No: ET3-15568_Aug07 Page 2 of 9
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ET3DV6 SN:1558 August 23, 2007

Probe ET3DV6

SN:1558

Manufactured: September 16, 2003
Last calibrated: August 30, 2006
Recalibrated: August 23, 2007

Calibrated for DASY Systems

(Note: non-compatible with DASY2 system!)

Certificate No: ET3-1558_Aug07 Page 3 of 9
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ET3DV6 SN:1558 August 23, 2007

DASY - Parameters of Probe: ET3DV6 SN:1558

Sensitivity in Free Space” Diode Compression®
Normx 207 £101%  pVAVIm)? DCP X 97 mV
Norm’Y 183 £+101%  pV/(V/m)Y DCP Y 92 mv
NormZ 163 +101%  pVivim)? DCP 2 94 mV

Sensitivity in Tissue Simulating Liquid (Conversion Factors)

Please see Page 8.

Boundary Effect

TSL 900 MHz Typical SAR gradient: 5 % per mm
Sensor Center to Phantom Surface Distance 3.7mm 4.7 mm
SAR. [%] ‘Without Correction Algorithm 4.8 1.8
SAR. [%6] With Correction Algorithm 0.8 0.7
TSL 1750 MHz Typical SAR gradient: 10 % per mm
Sensor Center to Phantom Surface Distance 37 mm 4.7 mm
SARy, [%] Without Correction Algorithim 129 9.0
SAR, [%] With Caorrection Algorithm 0.2 0.1

Sensor Offset

Probe Tip to Sensor Center 2.7 mm

The reported uncertainty of measurement is stated as the standard uncertainty of
measurement multiplied by the coverage factor k=2, which for a normal distribution
corresponds to a coverage probability of approximately 95%.

* The uncertainties of NormX,Y Z do nat affect the E*-field uncertainty inside TSL (see Page 8),
B Numerical linearization parameter. unceriainty not required.

Cartificate Mo: ET3-1558_Aug07 Page 4 of &
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ET3DV6 SN:1558 August 23, 2007

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
Certificate No; ET3-1558_Aug07 Page 5 of 8
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ET3DV6 SN:1558 August 23, 2007

Conversion Factor Assessment

f =900 MHz, WGLS R9 (head) f=1750 MHz, WGLS R22 (head)
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f[MHz] Validity [MHz]® TSL  Permittivity Conductivity  Alpha Depth  ConvF Uncertainty

835 +50/+99 Head 41.5+5% 090+5% 0.35 242 6.39 £ 11.0% (k=2)
200 +50/ %100 Head 415+5% 097+5% 032 281 6.24 +11.0% (k=2)
1750 +£50/£100 Head 40.1+5% 137+5% 0.58 276 509 z11.0% (k=2)
1900 +£50/£100 Head 400:5% 1.40£5% 054 269 4.90 £11.0% (k=2)
2450  +£50/£100 Head 39.215% 1.80:5% 089 182 447 +11.8% (k=2)
835 + 50/ 100 Body 552+5% 0.97 £5% 037 244 6.17 +11.0% (k=2)
00 +50/ %100 Body 55.0£5% 1.05:+5% 034 273 592 +11.0% (k=2)
1780 2507100 Body 534:+5% 1.49:5% 064 247 4.68 +11.0% (k=2)
1900  +£50/+100 Body 53.3+5% 1.52+5% 073 229 446 +11.0% (k=2)
2450  £50/+100 Body 52.7+5% 1.95%5% 085 215 392 *11.8% (k=2)

€ The validity of £ 100 MHz only applies for DASY vd.4 and higher {see Page 2). The uncertainty is the RSS
of the ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

Certificate No: ET3-1558_Aug07 Page Bof 8
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2 Calibration report “1900 MHz System validation di  pole”

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

5 Schweizerischer Kalibrierdienst

C Service suisse d'étalonnage
Servizio svizzero di taratura

] Swiss Calibration Service

Accredited by the Swiss Federal Office of Metrolegy and Accreditation Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Objest

Calibration procedure(s)

Calibration date:

Condition of the calibrated item

This calibration cerificate documents the traceability to national standards, which realize the physical units of measurements (SI).
The measurements and the unceralnties with confidence probabllity are given on the following pages and are part of the certificate.

All calibrations have been conducted in the closed laboratory facility: environment temperature (22 £ 3)°C and humidity < 70%.

Calibration Equipment used (MA&TE critical for calibration)

Primary Standards D # Cal Date (Calibrated by, Certificate No.) Scheduled Calibration
Power meter EPM-4424 GB3T4B0704 03-0ct-06 (METAS, Mo, 217-00608) Oct-07

Power sensor HP B4G1A US37202783 03-Oct-08 (METAS, No. 217-00608) Oet07

Reference 20 dB Attenualor SN: 5086 (200) 07-Aug-07 (METAS, No 217-00718) Aug-08

Reference 10 dB Attenuatar SN; 5047.2 (10) 07-Aug-07 (METAS, No 217-00718) Aug-08

Reference Probe ET30VE SN: 1507 19-0¢1-06 {SPEAG, No. ET3-1507_Oct06) Oct-07

Reference Probe ES3DV3 SN; 3025 18-Oct-06 {SPEAG, No. ES3-3025_Oct06) Oct-07

DAE4 SN 801 30-Jan-07 (SPEAG, Mo, DAE4-601_Jan07)  Jan-08

Secondary Standards iD# Cheek Date (in house) Scheduled Check
Pawer sensor HP 84814 MY41092317 18-0ct-02 (SPEAG, in house check Oct-08)  In house check: Oct-D7
RF generator Agilent E44218 MY41000675 11-May-05 (SPEAG, In house check Now-05)  In house check: Nav-07
Network Analyzer HP B753E US37390585 S4206  18-Oct-01 (SPEAG, in hause check Oct08)  In house check: Oct-07

Calibrated by:

Issued: August 24, 2007

This calibration ceificate shall not be reproduced except in full without written approval of the laboratory.

Cerfificate No: D1900v/2-5d008_Aug07 Page 1 0f9
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accredited by the Swiss Federal Office of Metrology and Accreditation Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

b) IEC 62209-1, “Procedure to measure the Specific Absorption Rate (SAR) for hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)", February
2005

c) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
d) DASY4 System Handbook

Methods Applied and Interpretation of Parameters:
* Measurement Conditions: Further details are available from the Validation Report at the end
of the certificate. All figures stated in the certificate are valid at the frequency indicated.

s Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

« Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is fransformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

e FElectrical Delay: One-way delay between the SMA connector and the antenna feed point. No
uncertainty required.

» SAR measured: SAR measured at the stated antenna input power.

s SAR narmalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

« SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.

Certificate Mo: D1900V2-5d009_Aug07 Page 2 of 9
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Measurement Conditions
DASY system configuration, as far as not given on page 1.

DASY Version DASY4 V4.7

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz = 5mm

Frequency 1800 MHz £ 1 MHz
Head TSL parameters

The following parameters and calculations were applied.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 40.0 1.40 mho/m

Measured Head TSL parameters (22.0x0.2)°C 39.3+6% 1.47 mho/m £ 6 %

Head TSL temperature during test (220£02)°C — -
SAR result with Head TSL

SAR averaged over 1 em® (1 g) of Head TSL condition

SAR measured 250 mW input power 9.30mW/g

SAR normalized normalized to 1W 372mWig

SAR for nominal Head TSL parameters ' normalized to 1W 359 mW /g £17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL Condition

SAR measured

250 mW input power

490 mW /g

SAR normalized

normalized to 1W

196mW/ig

SAR for nominal Head TSL parameters '

normalized to 1W

19.3 mW /g £ 16.5 % (k=2)

¥ Correction to nominal TSL parameters according to d), chapter “SAR Sensitivities™

Certificate No: D1900V2-5d009_Aug07 Page 3of9
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Body TSL parameters
The fellowing parameters and calculations were applied.
Temperature Permittivity Conductivity
MNominal Body TSL parameters 22.0°C 533 1.52 mha/m
Measured Body TSL parameters (22.0+0.2)°C 55.6+6 % 1.59 mhofm + 6 %
Body TSL temperature during test (21.5+0.2)°C _ —
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input powear 943 mW /g
SAR normalized normalized to 1W 377 mW/g

SAR for nominal Body TSL parameters *

normalized to 1W

37.7 mW g £17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 5.06 mW/g
SAR normalized narmalized to 1W 202mWig

SAR for nominal Body TSL parameters *

normalized to 1W

20.4 mW / g £ 16.5 % (k=2)

* Correction to nominal TSL parameters according to d), chapter “SAR Sensitivities”

Certificate No: D1900V2-5d009_AugD7 Page 4 of 9
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Appendix
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5250+19j0Q
Return Loss -30.2 dB

Antenna Parameters with Body TSL

Impedance, transformed to feed point 47.80+24jQ
Return Loss -296dB

General Antenna Parameters and Design

Electrical Delay (one direction) 1.188 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore shart-circuited for DC-signals.

Mo excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on February 22, 2002
Certificate No: D1900V2-5d009_Aug07 Page 5of 9
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CETECOM™

Schmid & Partner
Engineering AG

Zeaughauastraasa 43, 8004 Zurich, Switzerland, Phonas +4% 1 245 97 00, Fax +41 1 245 ¢7 79

o e i e
EINGANG E CETECOM ICT Services GmbH
: | Bernd Rebmann
! 14, Jan, 2002 1 Untertiirkheimer Str, 6-10
i S 66117 Saarbriicken
o ", * ,Q_Q l Deutschland

Zurich, January 10, 2002

Certificate of Conformity
Dear Bernd

It has been a while since vou have received your SAM Twin Phaniom V4.0/V4.0C.

Several of our customers have required a document 1o justify to the authorities that the SAM
phantom used for SAR measurements is conformant with the respective standards.

For your documentation please find enclosed a copy of the duly signed "Certificate of
Conformity/First Article Inspection” {Document No. 881 - QD 000 P40 BA - B). With this
certificate we confirm conformity with the CENELEC EN 50361, LIEEE P1528-200x draft
6.5 and the 1EC PT 62209 draft 0.9 standards,

Please do not hesitate to contact us in case you have any questions or are in need of firther
clarification, You can always reach us at +41-1-245 97 00 or by e-mail to info{@speag.com.
Best regards,

Schmid & Partner Engincering AG
;o ;
ﬁlbjf on

As of 2008-04-01 Page 23 of 30




CETECOM ICT Services GmbH .
Calibration Data and Phantom Information to tepbréno.: 2-4883-16-02/08-A c%w‘om

e

Schmid & Partner
Engineering AG

Zaughausstrasse 43, B004 Zurich, Switzerland, Phone +41 1 245 77 00, Fax +41 1 245 97 79

Certificate of conformity ! First Article Inspection

ltem saM Twin Phantom V4.0

Type No QD OG0 P40 BA

Series No TP-1()2 and higher

Manudacturer f Origin Unterses Composites
Hauptstr, 69
CH-8558 Fruthwilen
Switzerland

Tests

Tha series production process usad allows the limitation to test of first articles.

Complets tests were made on the pre-series Type No. Q0 000 P40 AA, Serial No. TP-1001 and on the
series first article Type No. QD 00D P4 BA, Serial No. TP-1006. Certain paramsters heve been retested
using further series units {called sampias).

Test Ragulrament Datails Units tested

Shape Compliance with the geometry IT'IS CAD File {*) First article,
according to the CAD modsl. Samples

Materlal thickness | Comipliant with the requirements 2mm +-0.2mm in First articls,
according to the standards gpecific areas Samples

Material Gielactric parameters far requirsd 200 MHz - 3 GHz Material

parameters frequencies Relative permittivity <« 5 | sampla

Loss tangent < 0.05. TF 104-5

Malerial resistivity | The material has been tested to be Liguid type HSL 1800 | Pre-serles,
compatitle with the liquids defined in | and others according to | First article
the standards the standard.

Standards

[1] CENELEC EN 50361

17 ICFE D45 aft
16 I=Eer 1528-200x draft 6.5

[31 |EC PT 62209 draft 0.9

[y ThelT'S CAD file is derived from [2] and is also within the tolerance requirements of the shapes of
[*] and [3]. :

Conformity

Basad on the sample tests above, we carfify that this item is in compliance with the uncertainty
requirements of SAR measurements specifiad in standard [1] and draft standards [2] and [3].

Date 18.11.2001

%L’é/ﬁg Schmid & Partner fﬁ;\gﬂ.—f/w/?é‘

Signature | Stamp - Engineering B

Faucheuistragts 43, CH-B004 2urlch

Tal. 141 1 245 77 O, Fax +41 1 245 97 37

Doc Mo 831 - Q0 J00 P40 BA -8 Paga 11y

As of 2008-04-01 Page 24 of 30
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5 Application Note System Performance Check

5.1.1.1 Purpose of system performance check

The system performance check verifies that theesysiperates within its specifica-tions. System apdrator
errors can be detected and corrected. It is recomdatethat the system performance check is perfopnied to
any usage of the system in order to guaranteedapiale results.

The measurement of the Specific Absorption RateR)SA a complicated task and the result dependheproper
functioning of many components and the correcirggttof many param-eters. Faulty results due t, dailures
or incorrect parameters might not be recognizettesthey often look similar in distribution to therrect ones.
The Dosimetric Assessment System DASY4 incorporategstem performance check procedure to testrtpep
functioning of the system. The system performanteck uses normal SAR measurements in a simplifiaps
(the at section of the SAM Twin Phantom) with a weHaracterized source (a matched dipole at a fipeci
distance). This setup was selected to give a heghkigvity to all parameters that might fail or yaover time (e.g.,
probe, liquid parameters, and software settingd)aalow sensitivity to external effects inherenthe system (e.qg.,
positioning uncertainty of the device holder). Hystem performance check does not replace thaatiib of the
components. The accuracy of the system performeimeek is not sufficient for calibration purposessipossible
to calculate the field quite accurately in this giensetup; however, due to the open field situaome factors
(e.g., laboratory re ections) cannot be accourdedfalibrations in the at phantom are possible

with transfer calibration methods, using either penature probes or calibrated E-field probes. Tystesn
performance check also does not test the systeforpemnce for arbitrary field sit-uations encountedairing real
measurements of mobile phones. These checks dmmed at SPEAG by testing the components undeowsir
conditions (e.g., spherical isotropy measurememtgyuid, linearity measurements, temperature tiarna, etc.),
the results of which are used for an error estiomatf the system. The system performance checkinditate
situations where the system uncertainty is exceddedo drift or failure.

5.1.1.2 System Performance check procedure
Preparation

The conductivity should be measured before thalatibn and the measured liquid parameters mushteeesl in
the software. If the measured values differ fromgeged values in the dipole document, the liquichgosition
should be adjusted. If the validation is performetth slightly different (measured) liquid parametethe expected
SAR will also be different. See the applicationenabout SAR sensitivities for an estimate of pdes#AR
deviations. Note that the liquid parameters aregtrature dependent with approximately — 0.5% deerea
permitivity and + 1% increase in conductivity foteanperature decrease of 1° C. The dipole mustdueg
beneath the flat phantom section of the GenericnRfiantom with the correct distance holder in place
distance holder should touch the phantom surfatteaMight pressure at the reference markingélititble) and be
oriented parallel to the long side of the phantAoturate positioning is not necessary, since tiséesy will search
for the peak SAR location, except that the dipohesashould be parallel to the surface. The devideen for
mobile phones can be left in place but should beted away from the dipole. The forward power itht® dipole at
the dipole SMA connector should be determined aasrately as possible. See section 4 for a desonijt the
recommended setup to measure the dipole input pdweractual dipole input power level can be betw2@mWwW
and several watts. The result can later be norethlia any power level. It is strongly recommendeddte the
actually used power level in the ,comment“-windofitlte measurement file; otherwise you loose thiiet
information for later reference.

System Performance Check

The DASY4 installation includes predefined filegslwiecommended procedures for measurements armhtiai.
They are read-only document files and destinedlsdefined but unmeasured masks, so you must theve
finished validation under a different name. Thedation document requires the Generic Twin Phansmthis
phantom must be properly installed in your syst@fou can create your own measurement procedurepdrying
a new document or editing an existing documeny. fdefore you start the validation, you just haweel| the
system with which components (probe, medium, anitdgyou are performing the validation; the systeith
take care of all parameters. After the validatiwhich will take about 20 minutes, the results aftetask are
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displayed in the document window. Selecting all soead tasks and opening the predefined “validatggaphic
format displays all necessary information for vatidn. A description of the different measuremesks in the
predefined document is given below, together viighihformation that can be deduced from their tesul

* The ,reference” and ,drift* measurements are lodattthe beginning and end of the batch processy Th
measure the field drift at one single point in lihaid over the complete procedure. The indicatefl id
mainly the variation of the amplifier output pow#rit is too high (above + 0.1dB) the validationozlld be
repeated; some amplifiers have very high driftolgisvarm-up. A stable amplifier gives drift resutighe
DASY4 system below = 0.02 dB.

* The ,surface check” measurement tests the optisédse detection system of the DASY4 system by
repeatedly detecting the surface with the optindl mechanical surface detector and comparing thetse
The output gives the detecting heights of bothesyst the difference between the two systems and the
standard deviation of the detection repeatabifity bubbles or refraction in the liquid due to segigon of the
sugar-water mixture gives poor repeatability (abe@e1lmm). In that case it is better to abort thkdation
and stir the liquid. The difference between thaogpisurface detection and the actual surface dépen the
probe and is specified with each probe. (It doggdepend on the surface reflectivity or the probgl@ato the
surface within + 30°.) However, varying breakingites of different liquid compositions might alsdliience
the distance. If the indicated difference variesrfithe actual setting, the probe parameter ,opsicehce
distance"” should be changed in the probe settsgss ihanual). For more information see the applicatote
about SAR evaluation.

* The ,area scan“ measures the SAR above the dipoéeparallel plane to the surface. It is used tate the
approximate location of the peak SAR with 2D spiimterpolation. The proposed scan uses large gadiag
for faster measurement; due to the symmetric fleédpeak detection is reliable. If a finer grapghidesired,
the grid spacing can be reduced. Grid spacing aerdtation have no influence on the SAR result.

The zoom scan job measures the field in a voluroerat the peak SAR value assessed in the previoea“,a
scan (for more information see the application mot&SAR evaluation).

If the validation measurements give reasonabldteeghe peak 1g and 10g spatial SAR values avdragiveen
the two cubes and normalized to 1W dipole input grogive the reference data for comparisons. Thesestion
analyzes the expected uncertainties of these veBasesion 6 describes some additional checks ftindu
information or troubleshooting.

5.1.1.3 Uncertainty Budget

Please note that in the following Tables, the toilee of the following uncertainty components degesdthe
actual equipment and setup at the user locatiomeaad to be either assessed or verified on-sitedgnd user of
the DASY4 system:

* RF ambient conditions

* Dipole Axis to Liquid Distance

* Input power and SAR drift measurement

e Liquid permittivity - measurement uncertainty
* Liquid conductivity - measurement uncertainty

Note: All errors are given in percent of SAR, sb @B corresponds to 2.3%. The field error wouldhb¥E of that.

the liquid parameter assessment give the targeteds from the dipole document. All errors are giirepercent
of SAR, so 0.1dB corresponds to 2.3%. The fieldrawould be half of that.
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System validation

In the table below, the system validation uncetyawith respect to the analytically assessed SARRevaf a dipole
source as given in the P1528 standard is givers digertainty is smaller than the expected uncdytédr mobile

phone measurements due to the simplified setuphensymmetric field distribution.

Error Sources Uncertainty| Probability | Divi- | ¢ G Standard | Standard | v or
Value Distribution| sor 19 | 10g Uncertainty| Uncertainty| Veg
Measurement System
Probe calibration +4.8% Normal 1 1 1 +4.89 +48% oo
Axial isotropy +4.7% Rectangular V3 | 0.7 | 0.7 +1.9% +1.9% 0
Hemispherical isotropy +0.0% Rectangulan3 | 0.7 | 0.7 +0.0% +0.0% 0
Boundary effects +1.0% Rectangulan/3 1 1 +0.6% +0.6% 0
Probe linearity +4.7% Rectangulary3 1 1 +2.7% +2.7% 0
System detection limits +1.0% Rectangylar3 1 1 +0.6% +0.6% o0
Readout electronics +1.0% Norma L il +1.09 Qed. 0
Response time +0.0% Rectangulan3 1 1 +0.0% +0.0% o0
Integration time +0.0% Rectangulary3 1 1 +0.0% +0.0% 0
RF ambient conditions *+3.0% Rectangylar3 1 1 +1.7% +1.7% 0
Probe positioner +0.4% Rectangulan/3 1 1 +0.2% +0.2% 0
Probe positioning +2.9% Rectangulan/3 1 1 +1.7% +1.7% o0
Max. SAR evaluation +1.0% Rectangulan/3 1 1 +0.6% + 0.6% o0
Dipole
Dipole axis toliquid distance +2.0% Normal 1 1 N 12% +1.2% o0
Input power and power drif +4.7% Rectangulax'3 1 1 +2.7% +2.7% o0
Phantom and Set-up
Phantom uncertainty +4.0% Rectangulan/3 1 1 +2.3% +2.3% o0
Liquid conductivity (target) +5.0% Rectangular'3 | 0.64| 0.43 +1.8% +1.2% 0
Liquid conductivity (meas.) +2.5% Rectangularl | 0.64| 0.43 +1.6% +1.1% o0
Liquid permittivity (target) +5.0% Rectangularvy3 | 0.6 | 0.49 +1.7% +1.4% 0
Liquid permittivity (meas.) +2.5% Rectangular 1 0.6 | 0.49 +1.5% +1.2% 0
Combined Uncertainty +8.4% +8.1% 0
Expanded Std. Uncertainty +16.8% +1.2%
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Performance check repeatability

The repeatability check of the validation is ingéves to external effects and gives an indicatiéthe variations in
the DASY4 measurement system, provided that the sgwer reading setup is used for all validatidite
repeatability estimate is given in the followingdplex

Error Sources Uncertainty| Probability | Divi- | ¢ G Standard | Standard | v or
Value Distribution| sor 19 | 10g Uncertainty| Uncertainty| Veg
Measurement System
Probe calibration +4.8% Normal 1 1 1 0 0 0
Axial isotropy +4.7% Rectangular V3 | 0.7 | 0.7 0 0 0
Hemispherical isotropy +0.0% Rectangulan3 | 0.7 | 0.7 0 0 0
Boundary effects +1.0% Rectangulan/3 1 1 0 0 o0
Probe linearity +4.7% Rectangulary3 1 1 0 0 o0
System detection limits +1.0% Rectangylar3 1 1 0 0 o0
Readout electronics +1.0% Norma 1 L il 0 0 0
Response time +0.0% Rectangulan/3 1 1 0 0 o0
Integration time +0.0% Rectangulary3 1 1 0 0 o0
RF ambient conditions *+3.0% Rectangylar3 1 1 0 0 0
Probe positioner +0.4% Rectangulan/3 1 1 0 0 0
Probe positioning +2.9% Rectangulan/3 1 1 0 0 0
Max. SAR evaluation +1.0% Rectangulan/3 1 1 0 0 0
Dipole
Dipole axis toliquid distance +2.0% Normal 1 1 N 12% +1.2% o0
Input power and power drift +4.7% Rectangulax'3 1 1 +2.7% +2.7% o0
Phantom and Set-up
Phantom uncertainty +4.0% Rectangulan'3 1 1 +2.3% +2.3% o0
Liquid conductivity (target) +5.0% Rectangular'3 | 0.64| 0.43 +1.8% +1.2% o0
Liquid conductivity (meas.) +2.5% Rectangularl | 0.64| 0.43 +1.6% +1.1% o0
Liquid permittivity (target) +5.0% Rectangulary3 | 0.6 | 0.49 +1.7% +1.4% 0
Liquid permittivity (meas.) +2.5% Rectangular 1 0.6 | 0.49 +1.5% +1.2% 0
Combined Uncertainty +5.3% +4.9% 0
Expanded Std. Uncertainty + 10.6% +9.7%

The expected repeatability deviation is low. Exsesdrift (e.g., drift in liquid parameters), paitsystem failures
or incorrect parameter settings (e.g., wrong prdevice settings) will lead to unexpectedly higheatability
deviations. The repeatability gives an indicatioattthe system operates within its initial speatfiens. Excessive
drift, system failure and operator errors are gaistected.
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5.1.1.4 Power set-up for validation

The uncertainty of the dipole input power is a gigant contribution to the absolute uncertaintgldhe expected
deviation in interlaboratory comparisons. The valureSection 2 for a typical and a sophisticatadsare just
average values. Refer to the manual of the powézmaed the detector head for the evaluation otitteertainty
in your system. The uncertainty also depends osdhece matching and the general setup. Belowvisliihe
description of a recommended setup and procedatiesrease the accuracy of the power reading:

dir.
) 3dB v
Signal Low cable
Generator Pass L1 — =1 } @
Att3
Alt2 L
® =
Al

&) —=
Dipole

The figure shows the recommended setup. The PML ftt1l) measures the forward power at the locatibthe
validation dipole connector. The signal generatadjusted for the desired forward power at theldiponnector
and the power meter PM2 is read at that level.rAftanecting the cable to the dipole, the signakgeator is
readjusted for the same reading at power meter FNtZ& signal generator does not allow a settim§.01dB
steps, the remaining difference at PM2 must bedhatel considered in the normalization of the vaiteresults.
The requirements for the components are:

* The signal generator and amplifier should be stéditer warm-up). The forward power to the dipdiewd be
above 10mW to avoid the influence of measuremeisendf the signal generator can deliver 15dBm orem
an amplifier is not necessary. Some high power #iensd should not be operated at a level far betlosir
maximum output power level (e.g. a 100W power afigploperated at 250mW output can be quite noisy).
attenuator between the signal generator and aepisfirecommended to protect the amplifier input.

* The low pass filter after the amplifier reduces ¢fffect of harmonics and noise from the amplifiesr most
amplifiers in normal operation the filter is notcessary.

* The attenuator after the amplifier improves therseunatching and the accuracy of the power heae (S
power meter manual.) It can also be used also e itee amplifier operate at its optimal output lehee noise
and stability. In a setup without directional carmplhis attenuator should be at least 10dB.

» The directional coupler (recommended 3 20dB) islueamonitor the forward power and adjust the digna
generator output for constant forward power. A madquality coupler is sufficient because the logtigole
and power head) are well matched. (If the setwsésl for reflective loads, a high quality coupléthwespect
to directivity and output matching is necessargvoid additional errors.)

* The power meter PM2 should have a low drift andsalution of 0.01dBm, but otherwise its accuracy ta
impact on the power setting. Calibration is notuiesp.

» The cable between the coupler and dipole must Ibégbfquality, without large attenuation and phelsanges
when it is moved. Otherwise, the power meter hddd Bhould be brought to the location of the difole
measuring.

* The power meter PM1 and attenuator Attl must bk giglity components. They should be calibrated,
preferably together. The attenuator (310dB) impsabe accuracy of the power reading. (Some higbeep
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heads come with a built-in calibrated attenuafbing exact attenuation of the attenuator at theufregy used
must be known; many attenuators are up to 0.2dBaff the specified value.

» Use the same power level for the power setup withgp meter PM1 as for the actual measurement tiolavo
linearity and range switching errors in the poweten PM2. If the validation is performed at variqasver
levels, do the power setting procedure at each.leve

» The dipole must be connected directly to the cablecation “X”". If the power meter has a differesnnector
system, use high quality couplers. Preferablytheeouplers at the attenuator Attl and calibtag¢eattenuator
with the coupler.

* Always remember: We are measuring power, so 1%us/alent to 0.04dB.

5.1.1.5 Laboratory reflections

In near-field situations, the absorption is predwantly caused by induction effects from the magnetiar-field.
The absorption from reflected fields in the laborgtis negligible. On the other hand, the magniéid around the
dipole depends on the currents and therefore ofetttpoint impedance. The feedpoint impedanceefiihole is
mainly determined from the proximity of the absadphantom, but reflections in the laboratory caange the
impedance slightly. A 1% increase in the real pathe feedpoint impedance will produce approxiryaéel%
decrease in the SAR for the same forward power.pbssible influence of laboratory reflections slaoloé
investigated during installation. The validatiotugeis suitable for this check, since the validaii® sensitive to
laboratory reflections. The same tests can be paed with a mobile phone, but most phones aresessitive to
reflections due to the shorter distance to the manThe fastest way to check for reflection eldstto position
the probe in the phantom above the feedpoint artiaicontinuous field measurement in the DASY 4timelter
window. Placing absorbers in front of possibleegetibrs (e.g. on the ground near the dipole orantfof a metallic
robot socket) will reveal their influence immedisiteA 10dB absorber (e.g. ferrite tiles or flat adser mats) is
probably sufficient, as the influence of the refileas is small anyway. If you place the absorberrtear the
dipole, the absorber itself will interact with treactive near-field. Instead of measuring the SiAR,also possible
to monitor the dipole impedance with a network grei for reflection effects. The network analyzerstnbe
calibrated at the SMA connector and the electdeddy (two times the forward delay in the dipolewuiment) must
be set in the NWA for comparisons with the reflectdata in the dipole document. If the absorberahsignificant
influence on the results, the absorber should fbni@lace for validation or measurements. Thenmefice data in
the dipole document are produced in a low reflecgénvironment.

5.1.1.6 Additional system checks

While the validation gives a good check of the DASSystem components, it does not include all patensie
necessary for real phone measurements (e.g. deidalation or device positioning). For system vatiidn
(repeatability) or comparisons between laborataiesference device can be useful. This can berartjie phone
with a stable output power (preferably a device sehoutput power can be set through the keyboaod). F
comparisons, the same device should be sent arsimoe, the SAR variations between samples canrge.la
Several measurement possibilities in the DASY sarfénallow additional tests of the performance efBASY
system and components. These tests can be uséfobtize component failures:

* The validation can be performed at different polggels to check the noise level or the correct camsgtion
of the diode compression in the probe.

* If a pulsed signal with high peak power levelsad fo the dipole, the performance of the diode gesgpon
compensation can be tested. The correct crestfpatameter in the DASY software must be set (s@eual).
The system should give the same SAR output fosdéimee averaged input power.

« The probe isotropy can be checked with a 1D-prokation scan above the feedpoint. The automatibgro
alignment procedure must be passed through foratecprobe rotation movements (optional DASY4 featu
with a robot-mounted light beam unit). Otherwise gnobe tip might move on a small circle duringatiain,
producing some additional isotropy errors in gratfeelds.
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