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Appendix C

Uncertainty Analysis

Uncertainty of SAR equipments for measurement

Uncertainty Probability - cil Standard unc vi or

ltems value % | Distribution Divisor 1g (1) Veff
Measurement System
Probe calibration 4.8 |normal 1 1 4.8% o
Axial isotropy 4.7 rectangular V3 (1-cp)'* 1.9% o0
Hemispherical isotropy 9.6 rectangular N 3 (CD)”2 3.9% co
Boundary effects 1.0  rectangular v 3 1 0.6% oo
Linearity 4.7  rectangular V3 1 2.7% 0
System Detection limits 1.0  rectangular N3 1 0.6% oo
Readout Electronics 1.0  |normal 1 1 1.0% 00
Response time 0.8 rectangular N3 1 0.5% oo
Integration time 2.6 rectangular N3 1 1.5% oo
RF Ambient Conditions 3.0 rectangular V3 1 1.7% oo
Mech. constrains of robot 0.4 rectangular v 3 1 0.2% 00
Probe positioning 2.9  rectangular N 3 1 1.7% oo
Extrap. and integration 1.0 rectangular N3 1 0.6% co
Uncertainty of measurements
Test Sample Related
Device positioning 2.9 |hormal 1 1 2.9% 145
Device holder uncertainty 3.6 normal 1 1 3.6% 5
Power drift 5.0 Jrectangular v 3 1 2.9% o
Phantom and Setup
Phantom uncertainty 4.0 rectangular N3 1 2.3% oo
Liquid conductivity(target) 5.0 [rectangular N3 0.64 1.8% =)
Liguid conductivity(meas.) 5.0 |hormal 1 0.64 3.2% o
Liquid permittivity(target) 5.0 rectangular v 3 0.6 1.7% o
Liquid permittivity(meas.) 5.0 |hormal 1 0.6 3.0% o0

Uncertainty of SAR system

Combined Standard Uncertainty 10.6%

Expanded Standard Uncertainty(k=2) 20.6%
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- PROBE Calibration Certificate

Calibration Laboratory of
Schmid & Pariner

Engineering AG
Zeughaussiresss 43, B004 Zurich, Switteriand

Accrecited by the Swiss Feceral Office of Metrology and Ascrediaton Accroditation No.: SCS 108

|CALIBRATION CERTIFICATE Tt
| coveer ET3DVE - SN:1782
| Caieation procedureds) QA CAL-01.v5 and QA CAL-12.v8

‘cumm April 23, 2007

| Canamien of the caltrntec iteen iy Tolerance

-mmmmmmmnmmmm“:, | unds of r wenits (51)
The maasunsTisis And the unomtaintes with coffioencs probabity are grven on Ba lolowing pages and ane part of the cershcate,

Al caibrartians hive been seaciucted i the dosad isbormory faciey: senirerment temperature (22 2 31°C and humidty < TO%.

Calibrobion Equipmans used (METE critical for calibration)
Primary Standards (=] ] i Dana (CaSbrated by, Corsficate Mo.) Schwduled Calibraion
Power maeter E44198 GB41 263874 20-WardT (METAS, No. 217-00670) a8
Power sansor 44124 MY 41458577 20-War-0T (METAS, No. 217-00670) Mdar-08
Power sansor E44124 WY1 AGE0ET 26-Mard7 (METAS, No. 217-D06T0) Mar08
Reference 3 0B Aflenuator | BM: 55052 ) tl-Aug-00 (METAS, Ka Z17-00583) AT
Preference 20 0B Anenustor | BMN: 55086 (204 20-Ma 07 (METAS, No. 217-00671) Mot
Raference 30 o8 Atsnugtcr | B 58125 (300) 10-Aug-08 (METAS, No. 217-00533) Aug-0T
Raferance Probe ES30VZ B: 3013 4-Jan07 (SPEAG. Mo, ES3-3013_JenlT) dan=08
DAEs 5M: 654 21Jun-08 (SPEAG. Mo, DAE4-H54_JunD) Jun-T
Secondary Standasds os _Chack Daie (in howsa) Scnaouled Craes
AF penemator HP BASAC LEREAT I T 4:A00-65 [SPEAD, in house check Mow-05) In house checke Mow-0TF
Mok Analyzer HP BTHIE USITIR05ES 18-Cict-01 {SFEAG, i Fouse chack Dcs-08} in howse check: OctO7
Harma Function Segracce
Asproved by P Bomhct RALD Direcese ?:' B e
i e
Inswmd Apnl 23, 2007
This cafibtation certficats shall nol be reproduces excegd in full wihout witien of I Labaritony.

=

Ceruficate Mo ET31T82_Aprd7 Page 1 of 0
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Calibration Laboratory of oA
Schmid & Partner P

Enginaering AG % —
Zeughausstrasse 23, 8004 Zurich, Switterlans e

Ascredied by the Swss Fecemnl Oifice of Metrclogy and Ascraditation
The Swiss Accreditation Servics is one of the signatories to the EA.
Mhuiltiintersl Agresmant for the recognition of calibration certflicates

Glossary:

T5L tissue simulating liquid

NORMx, Y,z sensitivity in free space

ConF sensitivity in TSL / NORMx.y 2

DCP diode compression point

Polarization o o rotation around probe axis

Polarization & & rotation around an axis that is in the plane normal to probe axis (at

measurement center), L.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 Wiraless
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 Interpratation of Parameters:

» NORMx,y.2z: Assessed for E-field polarization 8 = 0 (f < 800 MHz in TEM-call; > 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).

* NORM{fix.y.2 = NORMx, .z * frequency _response (see Frequency Response Chart), This
linearization s implemented in DASY4 software versions later than 4.2, The uncertainty of
the frequency response is included in the stated uncertainty of ConvF.

» 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 nar media,

+ ConvF and Boundary Effsct Parameaters: 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 > B00 MHz. The same sefups 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 comespands 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 fisld of low gradients realized using a
flat phantom exposed by a palch antenna.

= Sensor Offset: The sensor offset corresponds to the offset of virual measurement center
from the probe tip (on probe axis). No tolerance required.

Centificale No: ET3-1782_Aprd7 Pags 2ol 8
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ET3DV6 SN:1782 April 23, 2007

Probe ET3DV6

SN:1782

Manufactured: April 15, 2003
Last calibrated: May 2, 2006
Recalibrated: April 23, 2007

Calibrated for DASY Systems

[Made: non-compatible with DASYZ systeml)

Centificate Mo: ET3-17E2_Apdd? Page Jal &
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ET3DVGE SN:1T782 April 23, 2007

DASY - Parameters of Probe: ET3DV6 SN:1782

Sensitivity in Free Space® Diode Compression®
Norm¥ 202:101%  WVIVIm) DCP X 92 mV/
NarmY 175:2101%  pViIVim) DCPY a3 mv
NarmZ 175 104%  pvIVim)? ocp 2 81 mv

Sensitivity in Tissue Simulating Liquid {Conversion Factors)

Please see Page B,

Boundary Effect

TSL 500 MHz Typical AR gradient: § % par mm
Sensor Centar 1o Phantom Surface Distance 37T mm 4.7 mm
SAR,, [%) Without Comection Algodithm Ba 48
SAR,, [%] ‘With Correction Algorithm 0.1 0z
TSL 1810 MHz Typical SAR gradient: 10 % per mm
Sansor Canter fo Phantom Surface Distance 37T mm 4.7 mm
SAR,, [%] Without Cormaction Algosithm 12.7 85
SAR,, [%] With Carrection Algorithm 0.2 0.1
Sensor Offset
Probe Tip to Sansor Canter 2.7 mm

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

* The rcartaintes of Morm,¥_Z oo not aflect the E'-Sald wrcanmnty nside TEL (e Pags &)
* Nurmerical insanzation sasnmalar: uncensinty nol reqursd

Coertficate Mo: ET3-1782_Ap0T Page 4 ol §
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ET3DVE SN:1782 April 23, 2007

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: £ 8.3% (k=2)

Carlificale Na: ET3-1782_sgri? Page5clg
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ET3DV6 SN:1782 April 23, 2007

Receiving Pattern (¢), 3 = 0°

f= 600 MHz, TEM ifi110EXX 1= 1800 MHz, WG R22
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Uncertainty of Axlal Isotropy Assessment: £ 0.5% (k=2)

Certificate Mo: ET3-1782_AprOT Page 6ol @
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ET3DVE SN:1782 April 23, 2007

Dynamic Range f(SAR¢aq)

(Waveguide R22, f = 1800 MHz)
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Uncertainty of Linearity Assassment: £ 0.6% (kw2)

Certificate Mo ET3-1782_ApOT Paga Tol B
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Conversion Factor Assessment

f = 500 MHz. WGLS RO (head)

f'= 1610 MHz, WGLS R22 (head)

0.0
240
E 200
o
g 15,0
g
; 1000 4
50 4
0.0 -
o
—@—Analytcal | —o— Mazsuremanis =0=—Aralyticsl —o0— Maaturemeanis
f[MHz] Validiey (MH2]"  TSL Permittivity Conductivity  Alpha  Depth  ComvF Uncertainty
450 =50/%100 Head 435:25% O087=5% 040 183 T.O0B & 13.3% (k=2)
800 + 507100 Head 415+5% O087T:+5% 038 274 618 = 11.0% (k=2)
181 =50/£100 Head £00=5% 1.40:5% D42 287 516 =11.0% (k=2)
2000 =50/%100 Head 400+5% 140:5% os1 277 £82 = 11.0% (k=2)
2480 £50/%100 Head 392:5% 180z5% 058 236 462 =11.8% (k=2)
AGD £50/+100 Body S6725% 0.94:5% 033 183 TBE =13.3% (k=2)
800 =50/s100 Body 550:5% 1.0525% 058 223 E95 = 11.0% [ke2)
1810 £50/£100 Body 533:5% 152:5% o557 278 484 = 11.0% (k=2)
2000 =50/2100 Body 533:5% 152+5% 058 281 451 =11.0% (k=2)
2450+ 50/ %100 Body 527:x8% 185z5% oes 222 414 £ 11.8% (k=2)

© Tha valislity of £ 100 Mktz only applies for DAY vé.4 and Rghae (1 Page Z). The uncestainty is the RSS
of the ComvF uncertainty af cslibration frequancy and tha unceraingy for the indicated frequency band.

Cefiificate No: ET3-1782_Aprd7

Pagedal®
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ET3DVE SN:1T82 April 23, 2007

Deviation from Isotropy in HSL
Error ($, 8), f = 900 MHz

Error [dB]

-1 0005 B-0B0-0.80 B0 80-040 B-0.40-0.20 W-3.30-0.00
Doo0G32 H020-040 O040-05) O06I-050 WOBG1H)

Uncartainty of Spherical Isotropy Assessment: £ 2.6% [k=2)

Cenificate Mo: ET3-17B2_ApdT Page @ ol &



-DAE Calibration Certificate

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughaussirasse 43, 8004 Zurich, Bwitzerland

Accredited by the Swiss Federsl Office of Metrology and Accreditation
The Swiss Accreditation Service s one of the sigratories 1o the EA
Multliateral Agresment for the recognition of calibration certificates

Corddition of the calibrated #am

Calibration Equipment used (MATE critical for calibration)

mmmmwmummmmummumim
mmmmm-ﬁmm“wmum“ﬂnmdhm

AN calirations have been conductsd in the ciosed labomtory faclity: ennvironment tempenature (22 = 3)"C and humidity < 70%.

Mm ioe mmugmmi Schoduled Calibration
Fluke Process Calibrator Type TO2 | SN: 6285803 13-0c1-06 (Elcal AG, No: 54062) Oct-07

Kaithibiry Multimaber Type 2001 SN: 0810278 03-DcA-06 (Edcal AG, Mo: S4TE) Oct-07

| Secondary Standands o # Check Date (in housae) Scheduled Check
Calibrator Box W1.1 SE LUMS 006 AB 1004  25-Jun-0T (SPEAG, in house check) Irt e chick Jun-08
Calibrabed by:

Approved by
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Schwalzerischer Kalibrierdienst
Service sulsse détalonnage
Servizio svizzero di tarstura
Swiss Calibration Service

This calibration certificate shall nct ba reproduced axcept in full without writhen approval of the labaratony.

Certificate No: DAE4-614_Aug0T
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Calibration thﬂrﬂtﬂw of Schwalzerischer Kalibriardianst

Schmid & Partner Sarvice suisse détalonnage
Engineering AG Servizio svizzero di taratura

Zoughausstrasse 43, 8004 Zurich, Switzerland Swiss Callbration Service

Accrecited by the Swiss Federal Office of Metrology and Accreditation Accreditation No.: SCS 108

The Swiss Accreditation Service Is one of the signatorles to the EA

Multilateral Agresment for the recognition of calibration certificates

Glossary

DAE data acquisition electronics

Connector angle  information used in DASY system to align probe sensor X to the robot

coordinate system.

Methods Applied and Interpretation of Parameters
« DC Voltage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure given
corresponds to the full scale range of the voltmeter in the respective range.

s Connector angle: The angle of the connector is assessed measuring the angle
mechanically by a tool inserted. Uncertainty is not reguired.

+ The following parameters contain technical information as a result from the performance
test and require no uncertainty.

« DC Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of the
nominal calibration voltage. Influence of offset voltage is included in this measurement.

s Common mode sensitivity: Influence of a positive or negative common mode voltage on the
differential measurement.

s Channel separation: Influence of a voltage on the neighbor channels not subject to an input
voltage.

s AD Converter Values with inputs shorfed: Values on the internal AD converter
commesponding to zero input voltage

« Input Offset Measurement: Output voltage and statistical results over a large number of
zero voltage measurements.

s Input Offset Current: Typical value for information; Maximum channel input offset current,
not considering the input resistance.

» Input resistance: DAE input resistance at the connector, during interal auto-zeroing and
during measurement.

+ Low Battery Alarm Voltage: Typical value for information. Below this voltage, a battery
alarm signal is generated.

» Power consumption: Typical value for information. Supply currents in various operating
modes.

Certificate No: DAE4-614_Aug0? Page 2o0f 5
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DC Voltage Measurement
AJD - Converter Resclution nominal
High Range: iLSB = B.AuV, full range =  -100...+300 mV
Low Range: 1LSB = ginv, full range = -1.......+3mV
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Calibration Factors X Y F4
High Range 403.926 + 0.1% (k=2) | 404.433 £ 0.1% (k=2) | 405,056 £ 0.1% (k=2)
Low Range 3.95357 + 0.7% (k=2) | 3.93461 £ 0.7% (k=2) | 4.00299 + 0.7% (k=2)
Connector Angle
[cnnmdnrmhmbausadinmmsym 231°¢1°

Certificate No: DAE4-614_AugO7 Paga3of 5
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Appendix
1. DC Voltage Linearity
High Range Input (uV) Reading (uV) Error (%)
Channel X + Input 200000 200000 0.00
Channel X + Input 20000 20008.58 0.04
Channel X = Input 20000 -10009.47 0.00
Channel ¥ + Input 200000 200000.6 0.00
Channel ¥ + Input 20000 20007 .85 0.04
Channel ¥ = Input 20000 =20001.41 0.01
Channel Z + Input 200000 189999.9 0.00
Channel Z + Input 20000 20006.37 0.03
Channel Z - Input 20000 -20004.88 0.02
Low Range Input {uV) Reading (uV) Error (%)
Channel X +Input 2000 2000 0.00
Channel X + Input 200 189.76 0.12
Channel X -Input 200 -199 66 0.16
Channel ¥  +Input 2000 2000 0.00
Channel ¥ + Input 200 190.84 -0.08
Channel ¥ = Input 200 -200.52 0.26
Channel Z + Input 2000 2000 0.00
Channel Z + Input 200 180.27 -0.37
ChannelZ - Input 200 -201.19 0.59
2. Common mode sensitivity
DASY measurement parameters: Auto Zero Time: 3 sec: Measuring time: 3 sec
Common modea High Range Low Range
Input Valtage (mv) Average Reading (uV) Average Reading (uV)
Channel X 200 1.30 0.67
= 200 -0.13 -0.60
Channel ¥ 200 8.11 7.55
- 200 -8.10 -8.60
Channel Z 200 -10.71 -10.45
- 200 0,01 8.78
3. Channel separation
DASY measurement paramaters: Auto Zero Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channel X (uV) | Channel ¥ (uV) | Channel Z (uV)
Channel X 200 - 257 -0.89
Channel Y 200 0.47 - 4.63
Channel Z 200 -0.15 0.69 -
Certificate No: DAE4-614_Aug07 Page4of 5
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4, AD-Converter Values with inputs shorted
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 16227 16192
Channel Y 16375 15850
Channel Z 16067 15373

5. Input Offset Measurement
DASY measurement parameters: Aulo Zero Time: 3 sec; Measuring time: 3 sec

Input 10MG
Average (uV) | min. Offset (V) | max. Offset(uv) | > Dn'::}'“"“

Channel X 0.3 -0.54 1.27 0.41

Channel ¥ -2.27 -3.08 -1.38 0.34

Channel Z -0.93 =253 0.20 0.41
6. Input Offset Current

Mominal Input circuitry offset current an all channels: <2514
7. Input Resistance

Zeroing (MOhm) Measuring (MOhm)

Channel X 0.2000 196.9

Channel ¥ 0.2000 200.7

Channel Z 0.2000 2021
8. Low Battery Alarm Voltage (verified during pre test)

Typical values Alarm Level (VDC)

Supply (+ Vecc) +7.9

Supply (- Vec) -T.6
9. Power Consumption (verified during pre test)

Typical values Switched off (mA) | Stand by (mA) | Transmitting (mA)

Supply (+ Vec) +0.0 +B +14

Supply (- Viee) —0.01 -8 E:]
Certificate No: DAE4-614_Aug07 Page 5of 5



