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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 v 3 1 2.7% o0
System Detection limits 1.0  rectangular N 3 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 |normal 1 1 2.9% 145
Device holder uncertainty 3.6  |normal 1 1 3.6% 5

Power drift 5.0 rectangular 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 v 3 0.64 1.8% o

Liquid conductivity(meas.) 5.0 |normal 1 0.64 3.2% o

Liquid permittivity(target) 5.0 ectangular v 3 0.6 1.7% o

Liguid permittivity(meas.) 5.0 |normal 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)

08
o8
o7
a1}
0s ¢
1] 500 1000 1500 2000 2500 3000
f [MeHz]
——TEM —a— Rl

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)
187
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Uncertainty of Linearity Assassment: £ 0.6% (kw2)

Certificate Mo ET3-1782_ApOT Paga Tol B
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April 23, 2007

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 &
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-DAE Calibration Certificate

Calibration Laboratory of # LRy i g Schwslzsrischor Kalibriordionsi
Schmid & Partner s G Servics sulsse d'dtalonnage
Enginearing AG 3 Servizio svizzero di taratura
Zaughaussirasss 43, B00A Zurich, Switzariand ¢bﬁf‘ S Swiss Calibration Servies
Accredited by the Swiss Federal Office of Metrology and Accraditation Accreditation Mo.: SCS 108

Tha Swiss Accreditation Service |s one of the signalodies (o the EA
Multilateral Agroerment for the meognition of ealibration certificates

Clisni 5G5S KES (Dymstec) Cartificats Mo: DAE3-567_Sep06
CALIBRATION CERTIFICATE

Objsct DAE3 - SD 000 DO3 AA - SN: 567

Calibration procedurals) QA CAL-DBV12
Calibration procedura for the data acquisition electronics (DAE)

Catitrition ole; September 22, 2006

Condgition of ine calibrated itern. [N Tolerance

This calibration certificeln documents the traceatility bo national standards, which raakre the phyasesl units of measursmants (S1)
The messurements and ha uncortainties with confidence probability ace given on the follcwing piges and s part of 1he conificale
ANl calibrations hve been conducted in the closed Isbombory fecility; emdronmant termparmture (22 = 3)°C and humidity < T0%

Calibration Eguipment usad (MATE crlical Tor calibration)

Premary Standards oW Cail Date (Calitvatod by, Cortificate Mo ) Schedules Calibration

Fluks Pmosss Calibrator Type TO2 | SN: G205B03 T-0ct-08 (Sankral, Mo E-050073) Oe1-06

Sacondary Standarms o Chsck Crata [in housal Schedulsd Check

Calibrsior Box 1.1 SE UNS 008 AR 1002  18-Jun-08 (SPEAG, in house chack) In house chack Jun-O7
Mams Fumchion

Calibrated by: Stulng Gannott Technecion 4T .
fllkfe
Approved by: Fin Bowmibett RAD Direcior 5 y;:-/"i:" /4”'9;

Insued: September 22, 20086

This calibration cenificals shadl nol be reprocuced except in full wihou! wiitten appooval of the laboratory.

Cerificala No: DAE3-567_SepDE Page 1of 5
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 1004 Zurieh, Swimeriand

§ Schwelzerischer Kalibrierdienst
Service sulsse ddlalonnags
Servizio avizzero di laralura

S  Swiss Colibration Sarvice

Accradited by Ihe Swiss Federal Office of Metrology nd Accrecilation Accraditation No.: SCS 108
Thee Bwiss Accroditation Service |s one of the signatories to the EA
Multilsteral Agresmant for the recognitien of calibration certificalos

Glossary

DAE data acquisition electranics

Connector angle  information used in DASY system to align probe sensor X to the robol
coordinate system,

Methods Applied and Interpretation of Parameters
» DC Voltage Measurement: Calibration Faclor 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.

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

= 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.

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

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

= AD Converfer Values with inputs shorted: Values an the internal AD converter
cormesponding to zero input voltage

s Input Offset Measurement: Output voltage and statistical results over a large number of
Zero voltage measureaments.

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

s Input resistance: DAE input resistance at the connector, during internal 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.

Cedificate No: DAEI-5687_Sapli Page 2ol 5



DC Voltage Measurement
AT - Converter Resalution nominal

High Range:
Low Range:

iLsg =
iLse =

BV,
61nV
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full range =  -100...+300 my

full range = -1....... +3my

DASY measuremant parametors: Auto Zoro Time: 3 sec; Measuring time: 3 sec

Calibration Factors

X

Y

Z

High Range

404,730 = 0.1% (k=2)

404 483 + 0.1% (k=2)

404 540 + 0.1% (k=2)

Low Ranga

384024 + 0,7% (k=3)

3.95155 + 0.7% (k=2)

304145 + 0.7% (k=2)

Connector Angle

Connector Angle o be used in DASY system

g5rt1"

Centificats No: DAES-S6T_Sop06

Page 3 of 5
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Appendix
1. DC Voltage Linearity
High Range Input (uV} Reading (uV) Errar (%)
Channel X + Input 200000 199989.3 0.00
Channael X + Input 20000 2000458 0.02
Channel X = Input 20000 -200:00.83 0.00
Channel Y + Input 200000 2000001 0.00
Channel ¥ + Input 20000 20003.03 D.02
Channel ¥ = Input 20000 -100950 80 0.oD
Channel Z + Input 200000 200000.0 0.00
Channel Z + Imput 20000 20001.12 0.01
Channel Z = Input 20000 2000055 0.00
Low Range Irput (pV) Raading (uV) Error (%)
Channel X + Input 2000 19699.9 0.00
Channael X + Irput 200 190,20 -0,35
Channal X = Input 200 -200.60 0.30
Channel ¥ + Input 2000 19699 0.00
Channel ¥ + Inpurt 200 190.26 -0.37
Channel ¥ = lnput 200 -201.02 0.51
Channal + Input 2000 1990.9 0.00
Channel Z + Input 200 199.42 -0.20
Channel Z = Input 200 -201.14 0.57
2. Common mode sansitivity
DASY measurement paramaters: Auto Zero Time: 3 sec: Measuring time: 3 sec
Commen moda High Range Low Range
Input Voltage (m\) Average Reading (uV) Average Reading (pV)
Channal X 200 431 2.88
. 200 2,40 -2.80
Channal ¥ 200 232 1.893
- 200 <3.29 -3.48
Channel Z 200 64T 5.09
- 200 -7.71 -8.18
3. Channel separation
DASY measuremaent paramoters: Auto Zoro Time: 3 sec; Measuring time: 3 sec
Input Voltage (mV) | Channel X (uV) | Channel ¥ (uV) Channel Z (V)
Channel X 200 - 290 0.11
Channel ¥ 200 1.27 - 3.38
Channel Z 200 -2.28 0.51 -

Caortificate No: DAE3-567_Sep0s

Page 4 of 5
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4. AD-Converter Values with inputs shorted

DASY measuremant parameters: Auts Zero Time: 3 sec; Measuring time: 3 sec

High Range (LSB) Low Range (LSB)
Channel X 16358 16182
Channel ¥ 16140 16582
Channel Z 15803 14675

5. Input Offset Measurement

DASY maasurement paramatans: Auto Zero Time: 3 sec, Measuring time: 3 sec
Imput 1000

Average (V) min. Offset (uV) | max, Offset (pV) - WV
Channel X =0.31 -1.40 0.62 0.39
Channal ¥ =104 -1.81 -0.18 0.30
Channal X =108 -1,96 -0.20 0.35

6. Input Offset Current
MNominal Input crcuilry olfset currant on all channels: <2514

7. Input Resistance

Zeroing (MOhm) Maeasuring (MOhm)
Channel X 02000 201.5
Channel ¥ D.2001 200.7
Channel Z 0.2000 207.4

8. Low Battery Alarm Voltage (verfied during pre fest)
Typlcal values Alarm Lewel (VDC)
Supply (+ Vec) +7.8
Supply (- Vec) -T.6

9. Power Consumption (verifiad during pre test)

Typical values Switched off (mA) | Stand by (mA) Transmitting (mA)
Supply (+ Vee) 0.0 +B +14
Supply (- Vec) -0.01 -8 -]

Conificain No: DAE3-56T_SepDé

Paga 5of 5
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- 835 MHz Dipole Calibration Certificate

Calibration Laboratory of ?f@ g Schwsizerischar Kalibrierdienst

Schmid & Partner % p Service sulsse g'ialonnage
Engineering AG T Sarvizio avizzero dl taratura

nqn?wnga. 8O0 Zurich, Switzeriand e S swiss Callbration Service

Accredited by the Swits Federsd Ofice of Matrology and Accredtation
The Swiss Accreditation Service is one of 1he signatories 1o the EA
Multitateral Agresment for the recagnition of callbration certificates

Accreditstion Ne: SCS 108

Cliwnt SGS KES (Dymstec) Cartificate No: DE3SV2-480_Aug07
CALIBRATION CERTIFICATE
Object DB35VZ - SN: 480
Caliration procadure(s) QA CAL-05.vT
Calibration procedure for dipole validation kits
Calbration dats: August 27, 2007
Condition of the catbrated item [In Tolarance

This calibration cenificate documents the traceablity 1o national standands, which reaiize the physical units of massurements (31)
The measurements and the uncariainties with confidence probability ane given on M following pages and are pan of the certificale,

Al calibrations have been conduched in the clossd labaratory facliny: envirnmand tempentune (22 2 3)°C and humidity < TO%.

Calibeation Eguipment usad (MATE cisical for casbration)

Primary Standands oa Cal Daie {Calibrated by, Coriificaie ho. ) Scheculed Calibration
Prowes mater EPM-2424 GEITAEIToA 03-Oct-0 (METAS, Na. 217-00808) Qo7
Power sensor AP B481A US3TZEZTEY 03-0ct-08 (METAS, Mo, 21T-00808) et-07
Relerence 20 68 Alterualor SN 5064 (20g) O7-Awg-0T (METAS, No 217-007T18) Aug-08
Reference 10 ¢B Attenuatoe SN 5047.2 (107) O7-Aug-0T (METAS, No 217-00T18) Aug-08
Reference Probe ET30VE [HF) 3N 1507 18-0ci-06 {SPEAG. No. ET3-1507_0cals) Dct-07
DaEs SN 801 30-Jan-07 (SPEAG, Mo. DAE4-601_JanlT) Jan-08
Secondary Standands D Check Date [in house) Scheduled Chack
Power sensor HP 84814 MY41022317T 1E6-0et-02 (SPEAG, in houss check Oct-05) In house chedk: Ocl-07
RF generator Agilent E44218 MYA10006TE 11-May-05 (SPEAG, i house check Nov-05) In house check: Now-0T
Metwork Analyzor HP BTEIE USITIO0GES 34206  1B-Oci-01 (SPEAG, in housa check Oct-06) In house check: Oct-07
Hame Functan Signatus

Calibrated by: Miki hail Laboradory Technigan ¥ &

i Vel
Appeoved by Kafa Pokawvio Tachnical Manage:

This calibrafion certificats shal not be reproduced exoedt in full without wiitten approval of the laboradory.

P

Issued: August 29, 2007

Ceriificate No: DE35V2-480_AugOT

Page 1ol B
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Calibration Laboratory of g  Schweizerischor Kalibrierdienst
Schmid & Partner c Service suisse détalannage
Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland S swiss Calibration Service
Accredited by the Swiss Fadaral Office of Metrology and Accreditation Accreditation Ne.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Multliateral Agreement for the recognition of calibration certificales

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,z
M/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 62208-1, "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 QET),
“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 transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required,

= FElectrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

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

* SAR normalized: 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,

Cartificate No: DE3SV2-280_AugdT Page 20l B
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Measurement Conditions
DASY system configuration, as far as not given on page 1,

DASY Version DASY4 V4T

Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V4.9

Distance Dipola Center - T5L 13 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Fraguency 835 MHz £ 1 MHz
Head TSL parameters

The following paramaters and calculations were applied.
Temperature Parmittivity Conductivity

Nominal Head TSL parameters 22.0°C 41.5 0.90 mha/m

Moasured Head TSL parameters (22.020.2)°C 40326% 088 mhoimz 6 %

Head TSL temperature during test (228+02)"C — —
SAR result with Head TSL

SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR measured 250 mW input power 22TmW g

SAR normalized normalized to 1W 80EmwWig

SAR for nominal Head TSL parameaters '

normalizad to 1W

9.05 mW /g £ 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 149 mWig
SAR normalized narmalized 1o 1W 596 mWig

SAR for nominal Head TSL parameters '

nomalized 1o 1W

593 mW /g £ 16.5 % (k=2)

! Carrection to nominal TSL parameters according fo d), chapter “SAR Sensitivities”

Corlificate Mo: DE35V2-480_AugT
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Antenna Parameters with Head TSL
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Impedance, transformed to feed point 5090 -40)0
Return Loss -2794dB
General Antenna Parameters and Design
[ Electrical Delay (one dirachon) 1.380 ns

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

The dipole is made of standard semirigid coaxial cable. The canter conductor of the feeding line is directly connacted to the
second arm of the dipole, The antenna is therafore short-circuited for DC-signals.
Mo excessive force must be applied to the dipole arms, because they might bend or the scldered connections near the

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Manufactured on

May 13, 2003

Cerificate No: DB35V2-480_Augd?
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DASY4 Validation Report for Head TSL

Test Laboratory: SPEAG, Zurich, Switzerland

Report File No. :

STROS-07-016-A1

Date of Issue : 2007-10-19

Page :

DUT: Dipole 835 MHz; Type: DB35V2; Serial: DB3SV - SN:4%0

Communication System: CW; Frequency: 835 MHz: Duty Cyele: 1:1
Medium: HSL 900 MHz;
Medium parameters used: f'= 835 MHz: o = 0.881 mho/m; & = 40.6; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY4 (High Precision Assessment)

DASY4 Configuration:

Probe: ETIDVE - SN 1507 (HF ) ConvFi6.09, 6.09, 6,09); Calibrated: 19.10.2006

Sensor-Surface: 4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 30,01.2007

Phantom: Flat Phantom 4.9L; Type: QDOOOP49AA

81/94

Date/Time: 27.08.2007 13:05:22

Measurement SW: DASYY, V4.7 Build 53; Postprocessing 5W: SEMCAD, V1.8 Build 172

Pin =250 mW; d = 15 mm/Zoom Scan (7x7x7)/Cube 0:

Measurement grid: dx=3mm, dy=5mm, dz=3mm

Reference Value = 33.4 Vim; Power Drift = -0.041 dB

Peak SAR (extrapolated) = 3.26 Wikg

SAR(1 g) = 2.27 mW/g; SAR(10 g) = 1.49 mW/g
Maximum value of SAR (measured) = 2.45 mW/g

dB8
o.oo00

-2.06

-4.12

-6.18

-8.24

-10.3

0 dB = 2.45mWig

Certificate No: DBI5V2-480_Aug07
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Impedance Measurement Plot for Head TSL
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- 1900 MHz Dipole Calibration Certificate

Calibration Laboratory of S

Schmid & Partner E
Engineering AG %

:J-Mmmm f’,,,‘:,"ﬁ

Accredited by thie Swiss Federsl Ofce of Metrology and Accreditation
The Swiss Accraditation Ssrvice ks cne of the signatories to the EA
Multitateral Agreament for the recognition of calibration certificates

This calibration cerfificats documents the traceshbiiity i natonal standards. which realize the physical units of measunemants (Si)
The measurements and the uncenainties with confdance probablity are given on the following pages end are part ol the cersfcate.

A3 calibrations have besn conductsd in the Sosed laboraiony tacility. emvironment tempersture (22 + 3]°C ang humidity < T0%,

Calorason Equipment (sed (METE critical for calibeasion )

Prmary Standards =1} Cai Date (Calbrated by, Certficate No.) Scheduled Calibration
Power meter EPM-2428 GEIT4B0T04 03-Oci-06 (METAS, No., 21T-00608) Lo Uil

Powar sensor HP BA8TA USAT202783 03-0ct-08 (METAS, Me. 217-00608) Og-07

Raferance 20 08 Attenuator SN: 5088 (20g) OT-Aug-07 (METAS. Mo 217-00718) Bug-08

Reference 10 ¢8 Atlenuaior i 80472 (100) OT-Aug-0T (METAS, No 21T-00T18) Aug-08

Rafarence Probe ETIONG SN 1507 18-0ct-08 (SPEAG, Mo, ET3-1507_Del6) Oct07

Referencs Probe E530V3 S 3025 18-0ct-08 (SPEAG, No, EE3-3025_DetDE) Qci-07

DAE4 SN e 30-Jan-0T (SPEAG, No. DAEL-B01_Jan(T) Jan-05

Secondary Standards De Chack Dats {in housa) Scheduled Check
Peowar sensor HP BA81A Mys1dez T 18-0ct-07 (SPEAG, in house check Da-05) In housa check: Oct-07
F ganeralor Agilert E4211B8 MYS10006TE 11-May-05 [SPEAG. in house chedk MNov-05) in houss check: Mow-0T
Metwork Analyzer HP BT53E US3ITION5ES S4206  16-Oc2-01 (SPEAG, in housa check Oct-08) In house check: Oct-07

Thin calibration cenificate shall not bs reproduces sxcept in full withaut witien approval of the laboradony,

Cerficate No: D1200VE-50033_Augl? Page 10f6
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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zoughausstrasse 43, B004 Zurich, Switzeriand

5 Schweizerischer Kalibriardienst

c Sarvice suisse d'dtalonnage
Saervizio svizzero di taratura

S Swiss Calibration Service

Acereditad by the Swiss Faderal OMzs of Matroiogy and Accraeditation Accreditation Ne.: SCS 108
The Swiss Accreditation Service i 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.2
MNIA not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |IEEE 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

¢) Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fislds; 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:
s Measurement Condifions: 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.

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

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

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

« SAR normalized: 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 resuit.

Certificata No: D1800V2-50033_Aug07 Paga 2 of
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Measurement Conditions
DASY system coenfiguration, as far as not given on page 1.

DASY Version DASY4 Va7

Extrapolation Advanced Extrapolation

Phantom Modular Flal Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz = Smm

Frequency 1800 MHz £ 1 MHz
Head TSL parameters

The folflowing parameters and calculations were applied.
Temperatura Permittivity Conductivity

Nominal Head TSL parameters z20C 40.0 1.40 mhaim

Measured Head TSL parameters (220£02)°C 39.326% 1.47 mho/m £ 6 %

Head TSL temperature during test (21.3£0.2)"C et —_—
SAR result with Head TSL

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

SAR measured 250 m\W input power a3 mWig

SAR normalized nomalized to 1W IFEemW/ig

SAR for nominal Head TSL parameters ' normalized 10 1W AEImW/Igx17.0 % (k=2)

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

SAR measured 250 mW input power 493mWig

SAR normalized normalized to 1W 19.7mW /g

SAR for nominal Head TSL paramaters ' normalized 1o 1W 19.4 mW | g £ 16.5 % (k=2)

! Comection to nominal TSL parameters according to d). chapter “SAR Sensitivities”

Certificate No: D1900V2-50033_Aug0T
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Appendix
Antenna Parameters with Head TSL
Impedance, transformed to feed point 5380+4T7K
Retumn Loss -24.7dB
General Antenna Parameters and Design
| Electrical Delay (one direction) | 1.205 ns

After long term wse 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 conductar of the feeding line is directly connectad to the
sacond amn of the dipole. The antenna is therafare short-circuited for DC-signals.
Mo excessive force must be appliad to the dipole arms, because they might band or the soldered connections near the

feedpoint may be damaged.

Additional EUT Data

Manufactured by

SPEAG

Manufactured an

March 17, 2003

Certificate No: D1800V2-54033_Aug0?
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DASY4 Validation Report for Head TSL
Date/Time: 28.08.2007 14:28:53

Test Labaratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1800 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d033

Communication System: CW; Frequency: 1800 MHz;Duty Cycle: 1:1

Medium: HSL U10 EB;

Medium parameters used: f = 1900 MHz; o = 1.47 mho/m; €, = 38.3; p = 1000 kg/m?
Phantom section: Flat Section

Measurement Standard: DASY4 (High Precision Assessment)

DASY4 Configuration:
» Probe: ETADVE - SN1507 (HF); ConvF{4.97, 4.97, 4.87); Calibrated: 18.10.2008
« Sensor-Surface: 4mm (Mechanical Surface Detection)
= Electronlcs: DAE4 3n801; Calibrated: 30.01.2007
« Phaniom; Flat Phantom 5.0 (front); Type: QDODOPS0AA; |
« Meassurement SW: DASY4, V4.7 Bulld 53; Posiprocessing SW: SEMCAD, V1.8 Build 172

Pin =250 mW; d = 10 mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm

Reference Value = 90.7 Vim; Power Drift = 0.006 dB

Peak SAR (extrapolated) = 16.1 Wikg

SAR(1 g) = 9.39 mWI/g; SAR(10 g) = 4.93 mW/g

Maximum value of SAR (measured) = 10.7 mW/g

dB
0,000

-3.80

-1.60

A15.2

0 dB = 10.7TmWig

Certificate No: D1800V2-5d033_Aug07 Page 5 of &
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Impedance Measurement Plot for Head TSL
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- 2450 MHz Dipole Calibration Certificate

Calibration Laboratory of P Schwalzarischer Kalibrisrdisnst
Schmid & Partner SN g Biviek Subes A
Engineering AG Sarvizic svizzero di taraiura

Zeughaussirasse 43, 8004 Zurich, Switkeriand

Swiss Calibration Service

Accrodied by e Swiss Foeceral Offica of Matroiogy and Accreditation Actreditation No.: SCS 108
The Swiss Accreditation Service ks one of the signatories to the EA

Muitilaterad Agreement for the recognition of calibration ceriificates

cient  SGS KES (Dymstec) Certificate No: D2450V2-T34_Aug0T

STROS-07-016-A1
2007-10-19

CALIBRATION CERTIFICATE

Object D2450V2 - SN: 734

QA CAL-05.v6
Calibration procedure for dipole validation kits

Calibration procedunss)

Calibration cate:

August 20, 2007

Condition of the calibrated item  In Tolerance

Thit cafibration certificate cocusments tha raceabilty io naicnal standards, which realize the physical units of maasursmants [51)

Tt msasurements and he uncertainbies with confidence probabiity are given on e iolowing pages and are pact of the certificate.
Al calibrations. hawve been conducted in e cosad iabaratary faclity; envinonmend lemperaties (22 £ 31°C and humidity < T0%.
‘Caiibration Equipmen] used [MATE ortical for calibration)
Primary Standards D# Cal Cate Calibrated by, CertScate Mo.) Scheduled Callbration
Pinwer mater EPM-4424 GRITAEITO4 03-0ct-06 (METAS, No. 217-00808) Det-0T
Povesr sensor HP BARTA US3ITIRITES 03-0ct-06 (METAS, Me. 217-00608) D07
Referencs 20 dB Attenuator Sh: 5086 (20g) O7-Aug-0T (METAS, Mo Z17-00718) Aug-08
Baferance 10 48 Astenuator SM: 50472 (10r) O7-Aug-0T (METAS, Nao 217-00718) ALg-D8
Referance Probe ESIDWI SN 3038 18-0ei-06 {SPEAG, No. ES3-3025_Dci0g) Dct-0T
DAEa SN &0 I-Jan-O7 (SFEAG, Mo, DAEL-801_JandT) Jan-08
Secondary Standards ibs Chissk Dats (in hicuse) Scheduled Check
Power sensor HP 84814 Y 41082317 180102 (SPEAG, in housa chack Det-05) In houss chedk: Dot-07
RF generator Agilent E44218 MY 410006TS 11-May-05 (SPEAG, in house check New-05)  In house check; Now-0T
Metwvork Analyzer HP BT53E USITIO0AS Sa208 TE-Oc01 (SPEAG, In house eheck Det-08) In houss chec: Oot-07
Mame Funciion Sigratune
Calibrated by: Mk Mei Laboratony Technician L 'I "-yl .
- S

Arorned o KEagn Pokceic Technical Manager ,ﬁfg "g

Issued: August 21,2007
This calibration cerfificate shall nof be reproduced exsept in full without witlen approval of the laborsiory.

Certifisate No: D2450V2.734_Augl?
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Calibration Laboratory of e
Schmid & Partner =
Engineering AG ¥
Zauqhgnﬂrﬂu E:u, 8004 Zurich, Switzerland %:J"'/P-,r:\}?
Pl

Accredited by the Swiss Faderal Office of Metrotogy and Accreditaton
The Swiss Accraditation Service |s one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificales

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x.y.2
N/A, not applicable or not measured

Report File No. : STROS-07-016-A1
Date of Issue : 2007-10-19
Page : 90 /94

Schwelzerischer Kalibrierdienst
Service sulsse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 108

Calibration is Performed According to the Following Standards:

a) IEEE 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 62208-1, "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

¢} Federal Communications Commission Office of Engineering & Technology (FCC QET),
“Ewvaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devicas with FCC Limits for Human Exposure to Radiofrequency Emissions”,

Supplement C (Edition 01-01) to Bulletin 65

Additional Decumentation:
d) DASY4 System Handbook

Methods Applied and Interpretation of Parameters:

+ Measureament 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.

« Apftenna 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.

* Fesd Point Impedance and Refurn Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurament at the SMA connector to the feed point. The Return Loss ensures low

reflected power. No uncertainty required.

« Elgctrical Defay: One-way delay between the SMA connector and the antenna feed point.

Mo uncertainty required.

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

* SAR normalized: 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,

Cartificate No: D2450V2-T34_AuglT Page 2ol 8
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Measurement Conditions
DASY system configuratian, as far as nol given on page 1.

DASY Version DASYs Vay
Extrapolation Advanced Extrapolation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 2450 MHz £ 1 MHz

Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Mominal Head TSL parameters 220°C 382 1,80 mho/m
Measured Head TSL parameters (220:02)"C BT:68% 1.81 mha/m £ 8 %
Head T5L temperature during test (220=202)°C cxsans —
SAR result with Head TSL

SAR averaged over 1 cm’ (1 g) of Head TSL cendition
SAR measured 250 mW input powear 133mWig

SAR nomalized normalized o 1W 532mWig

SAR for nominal Head TSL parameters ' normalized 1o 1W 52.8 mW /g £17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Head TSL condition
SAR measured 250 mW Input power B1EmW /g
SAR normalized normalized o 1W 24.6mW /g
SAR for nominal Head TSL parameters ' nomalized o 1W 24.5mW [ g £ 16.5 % (k=2)

! Comection to nominal TSL parametars sccording to d), chapter *SAR Sensitivities™

Certificals No: D2450V2-734_Augl7 Puge 3 of 6
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Appendix
Antenna Parameters with Head TSL
impedance, transformad to feed point S230+47 0
Retum Loss - 250 dB
General Antenna Parameters and Design
| Electrical Detay (one direction) | 1.153 ns

After long term use with 100W radiated power, only & slighl warming of the dipole near the feedpaint can be measurad.

The dipole is made of standard semirigid coaxial cable. The center canductor of the feeding line is directly connected to the
second arm of the dipole, The antenna is therafore short-circuited for DC-signals.

Mo excessive force must be applied to the dipole arms, bacause they might bend or the soldered connections naar the
feadpoint may be damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on May 0T, 2003

Certificate No: D2450V2:734_Aug07 Page 4 of 8
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DASY4 Validation Report for Head TSL

STROS-07-016-A1
2007-10-19
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Date/Time: 20.08.2007 13:22:31

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SNT34

Communication System: CW-2430; Frequency: 2450 MHz; Duty Cycle: 1:1
Medium: HSL U10 BB;

Medium parameters used: f= 2450 MHz; ¢ = 1.81 mho/m; &= 38.7; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASY4 (High Precision Assessment)

DASY4 Configuration:
#  Probe: ESIDV2 - SN3025 (HF): ConvFi4.5, 4.5, 4.5): Calibrated: 19.10.2006
*  Sensor-Surface: 4mm (Mechanical Surface Detection)
¢  Electronics: DAE4 Sn601; Calibrated: 30.01.2007
¢ Phantom: Flat Phantom 3.0 (front); Type: QDOOOPS0AA

o Measurement SW: DASY4, V4.7 Build 53; Postprocessing SW: SEMCAD, V1.8 Build 172

Pin =250 mW; d = 10 mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=3mm, dy=3mm, dz=Smm

Reference Value = 91.5 Vim; Power Drift = 0.037 dB

Peak SAR (extrapolated) = 27.8 Wikg

SAR(1 g) = 13.3 mW/g; SAR(10 g) = 6.16 mW/g

Maximum value of SAR (measured) = 14.6 mW/g

dB
0.000

-5.00

-15.0

-20.0

-25.0

0 dB = 14.6mW/g

Cantificate Na: D2450V2-734_AugD? Page 5 of 8
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Impedance Measurement Plot for Head TSL
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