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Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'élalonnage
Servizio svizzero di laratura
Swiss Calibration Service

Accradited by the Swiss Federal Office cf 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

cient  Sporton (Auden) S Certificate No: ET3-1788_Sep04
CALIBRATION CERTIFICATE

Object ET3DV6 - SN:1788

Calibration procedure(s) Q’A CAL-Q" NB: i Tt
Calibration procedure for dosimetric E-field probes

Calibration date: September 30, 2004

Cendition of the calibrated tem  In Tolerance

This calibration cerlificate documents the traczability to national standards, which realize the physical units of measurements (51).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the cerlificate

All calibrations have been conducted in the closed laboratory facility: environment termperature (22 £ 3)°C and humidity < T0%.

Calibration Equipment usad (MATE critical for calibration)

Primary Standards | 1D # Cal Date (Calibrated by, Certificate No.) Scheduled Calibration

Power meter E447198 GB41293874 5-May-04 (METAS, No. 251-00388) May-05

Power sensor E4412A MY41485277 5-May-04 (METAS, No. 251-00388) May-05

Reference 3 dB Attenuator SN: 55054 (3c) 3-Apr-03 (METAS, No. 251-00403) Aug-05

Reference 20 dB Attenuator SN: 55086 (20b) 3-May-04 (METAS, No. 2571-00389) May-05

Reference 30 dB Attenuator SN: 55129 [30b) F-Apr-03 (METAS, No. 251-00404) Aug-05

Reference Probe ES30V2 SN:3013 8-Jan-04 (SPEAG, No. ES3-3013_Jan04) Jan-05

DAE4 SN; 17 26-May-04 (SPEAG, No. DAEA-617_May04) May-05

Secondary Slandards D # Check Date (in house] Scheculed Check

Fower sensor HP 8481A MY41092180 18-Sep-02 (SPEAG, in house check Oct-03) In house check: Oct 05

RF generator HP 8648C Us3s42uU01700 4-Aug-99 (SPEAG, in house check Dec-03) In house check: Dec-05

Network Analyzer HP 8753E | US37390585 18-0c1-01 (SPEAG, in house check Nav-03) In house check, Nov 04
Name Function Signature

Calibrated by: N?m_‘.\r‘aﬁarilq : i . Lz_gbqga_tc_:ry Technician U L/‘ @ !;

Approvad by: Kalja Pokevic : Technical Manager e @

Issued' October 1, 2004

This calibration certificate shall not be reproduced except in full withoul writlen appraval of the labaratery.
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzere di taratura

] Swiss Calibration Service

Accredited by the Swiss Federal Office of Matralogy 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 8 9 rotation around an axis that is in the plane normal to probe axis (at

measurement center), i.e., 9 = 0 is normal to probe axis

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) CENELEC EN 50361, “Basic standard for the measurement of Specific Absorption Rate
related to human exposure to electromagnetic fields from mobile phones (300 MHz - 3
GHz), July 2001

Methods Applied and Interpretation of Parameters:
s  NORMx,y,z: Assessed for E-field polarization 8 = 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).

«  NORM(f)x,y,z = NORMx,y.z * frequency_response (see Frequency Response Chart). This
linearization is implementad 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 nor media.

» ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (ar
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 fo
improve probe accuracy close to the boundary. The sensitivity in TSL corresponds to
NORMXx,y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A
frequency dependent ConvF is used in DASY 4.3 B17 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.

s Sepsor Offsef: The sensor offset corresponds fo the offset of virtual measurement center
from the prabe tip (on probe axis). No talerance required.
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ET3DVE SN:1788 Saptamber 30, 2004

Probe ET3DV6

SN:1788

Manufactured: May 28, 2003
Last calibrated: August 29, 2003
Recalibrated: September 30, 2004

Calibrated for DASY Systems

{Mate: non-compatibla with DASYE syslam!)
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ET3DVE SN:1788

September 30, 2004

DASY - Parameters of Probe; ET3DVE SN:1788

Sensitivity in Free Space® Diode Comprassion®
NormX 1.68 = pa% pVI(Vm) DCP X 94 m\/
NormY 170 z90%  pVI(Vim) DCP Y 84 mv
NormzZ 174 £ 5.5% pvitvimy® DCF Z 94 my

Sensilivily in Tissue Simulaling Liguid (Conversion Factors)

Please see Page B.
Boundary Effect
T5L B0 MHz Typleal SAR gradlent: 3 % par mm
Sensor Center 1o Phaniom Surface Distance 37 mm 4.7 mm
FARL %) Wilthout Gorrection Algoathm 8.1 4.4
BAH L, [%) With Correction Algorithm a7 1
T5L 1810 MHz Typlcal SAR gradient: 10 % per mm
Sensor Center (o Phamom Surface Distance 37 mm 4.7 mm
AR, (%] Without Carrection Algorithm 120 B2
SARy, [7] Wilh Comraction Algorthm a8 0.1
Sensor Offsat
Frobes Tip o Sensor Ceenbe 2.7 mm

The reported uncertainty of measurement is stated as tha standard uncartainty of
measurement multiplied by the coverage factor k=2, which lor a normal distribution

cormasponds to a coveraga probability of approximately 93%.

* The urcsitainies of MamiLY,2 80 161 alfect the E'-Sed uncertainty nasge TSL (see Page )
" Mume-ical linearizaston parsmetar urcomainty not raguled

Contificale No: ET3-1788 Bepla Fage 4 of 8
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ET3DVE SN:1788 Septamber 30, 2004

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Wavegulde: RZEZ)
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ET3DVE SN:1THE September 30, 2004

Receiving Pattern (), 9 =0°

f=750 MHz, TEM f110EXX f= 1800 MHz, WG R22
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ET3DVE SN:1788
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Corilficaln Mo, ET3-1T88_Seald

September 30, 2004

Dynamic Range f(SAR}qa4)

(Wavaguide R22, f = 1800 MHz)
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ET3DVE SN:1788

f= 900 MHz, WGLS RO (head)
33

SAR[mWIcn] F'W

September 30, 2004

Conversion Factor Assessment

f=1750 MHz, WGLS R2

360

- B
B =
(= =

SaR|mWern'] i W
2

z[mum]

2 (head)

—0— Analytcal  —o— Measwemenis =@— Anahtical —ot—Measurements
fIMHz] Validity [MH]®  TSL  Permittivity Conductivity  Alphs  Depth  GonwF Uncertainty
B 250/ 100 Hoad 41.6z250% 08H01LH% .12 .42 6.74 £ 11.0% [k=2)
BOO =804+ 100 Head A15=+5% DRAT25% .07 1.44 6.63 £ 11.0% [k=2)
17RO =80/ +100 Hoad 400 = 5% 1,40+ 5% 0.56 20 537 £ 19.0% [k=2)
18900 =504 £100 Head 400+ 5% 1401 5% .55 242 516 £ 11.0% (k=2)
2000  +50/+100 Head 400+5% 140+5% 054 259 4.88 £ 11.0% [k=2)
2450 2 50/&100 Head 392+5% 18015% ags 202 ARR & 11.8% [k=2)
835 £ 5072100 Bocy S55Z+H% 097:5% 104 1.52 6.53 & 11.0% (k=2)
G00 + 50/ 2100 Body 5502 6% 1.06 = 6% b.g8 1.50 G.AT £ 17.0% (k=2Z)
1750 50/ £100 Body S533+5% 1.52:b5% D63 274 4,73 2 11.0% (k=2)
1800 + 50/« 100 Rody H33+ 0% 1.52 + 5% 0.55 282 d.08 & 1T [Re)
2000 +50/+£100 Body 532+5% 152:8% &1 2HB 4.43 2 11.0% (k=2)
2450 +507+100 Body 527 +5% 195+ 5% 0.7 2.00 4.26 £17.68% (k=2)

£ T validiy of + 100 MHr anly appiies far DASY 4.3 847 and highar (sna Page 2. The uncerainty is the RES
of the ConvF uncertainty al calicration freguaency and the uncertasinty for the indlzates freguaney nand

Ceriificaie No. ET3-1788_Sepl4
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ET3DV6 SN:1768 September 30, 2004

Deviation from Isotropy in HSL
Error (4, 8), f=900 MHz

Error [dB]

B .00-050 B-080-080 B-060-0.40 B-040-0.20 B G30000
Oo00-0.20 020040 DOC40080 DB0G-0E0 EOUBE-1.00

Uncertainty of Spherical Isotropy Assesasmant: £ 2.6% [k=2)

Cortificate No: ET3-1788_Sepdd Poge Yol 3
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Calibration Laboratory of g Schwsizarischur Kakbrivrdiens!

Schmid & Partner Serden sulsse d'étalannage
Engineering AG C ' Servizio svizzero di taratura

Zoughausstrassoe 43; B0D4 Zurich, Swilzerland s ESwlss Calibralion Servicn
Aocradidad by the Swiss Federal Office of Matrology snd Accrecitatizn Aceraditation No.: SCS 108

The Swiss Accraditation Servica is ana of tha slgnatarias 1o tha EA

Multilalaral Agyr it Bar This initian of calihaation carificata

cient  Sporton (Auden) Cantifieats Ne: DAE3-577 Nov04
ICALIBRATIOH CERTIFICATE

| St DAES - SD 000 DO3 AA - SM: 577

Calbwation procedurs(e) QA CAL-08.v10

Calibration procedure for the data acquisition unit (DAE)

Calibenltion datn Movember 17, 2004

Cendibion of the celbrated item [N Tolerance

This cabbrabon cedtfcale docurments the raceability to naticral standards, which realine the plyscal ursls of mpasuremenls (S1).
The mesasuremnents ard (he uncerainiios with confiderce probaility are given on the following peges and ane g, of 1he cedtificals

All calibrations have been conducled in e closed taboralory facilily. environment emperalurg (22 £ 3)°C and humicity = TO%.

Calitention Souipman: usas (MATE crtienl foe sn/ibestion)

Primary Standands oW Cad Dte (Cabbrates by, Camificme Na ) Senasulad Callbration
Fluig Process Cal brator Type T02 | M 6205803 T-S00-04 (Sinlrol, Mo E-040073) Sep-05
Sacondnry Standards | Chael Datn (In howss) Sehndiled Chack
Calibralor Box V1.1 BE UMS 008 AB 1002 18-Jul-0d (SPEAG, n house oheok) I D v Jul05
Hama Funiicn Signarure

e P Rl e i

HApproned by, Fin Bomholt RAD Diracior : ;
1V 7 Adar

lsguac; Hovembar 17, 2004

This Wmf&“ﬂﬂu nol ba reprocuded axcepl in full wilhoul wriinen approval of the laDoratory.
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Callbration Laboratory of

] § Schweizerischer Kalicrisrdisns:

Schmid & Partner Sarvics suliss d'Malonnags

Engineering AG c Sarvizle avizzara di tasatura
Zoughsusstrasss 43, B004 Zurich, Switradand S Buriss Callbration Bervice
Arcredited by the Swans Faseral Offo8 of Metciagy a0 Aceraditation Accrsditation Mo: SCS 108
Th Swite Accroditation Servico B one of U sigralories Lo U B
Multilateral Agreement for the recognition of calibration centifizates
Glossary
DAE digital acquisition electronics
Conneclor angle  informalion used in DASY system lo align probe sensor X to the robol

coordinate system.

Methods Applied and Interpretation of Parameters

* DC Valtage Measurement: Calibration Factor assessed for use in DASY system by
comparison with a calibrated instrument traceable to national standards. The figure given
comesponds to the full scale range of the voltmeter in the respactive range.

= Connector angla: Tha angle of the connector is assessed measuring the angle
mechanically by a lool inserted. Uncertainly is not required.

= The following paramelers contain lechnical informalion as & resull from Lhe performance
test and require no uncertainty.

+ DC Voltage Measuremnent Lineanity: \erffication of tha Linearity at +10% and -10% of the
nominal callbration voltage. Influsnce of offset voltage is included in this measuramesnt.

+ Common mode sensitivity: Influence of a posilive or negalive common mode voltage on the
differential measuremant.

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

* AD Converer Values with Inputs shorfed: Values on the internal AD converter
corraspanding to zero input vollage

» Input Offset Measurement. Oulput vollage and statistical resulls over a large number of
zaro voltage measurements.

= [nput Offset Current; Typical value for information; Maximum channel inpul offset current,
nol considenng the input resistance.

= |nput resistance: DAE inpul resistance al the conneclor, dunng internal aulo-zeroing and
during measurament.

= Low Eallery Alarm Vollage: Typical value for information. Below this vollage, a battery
alarm signal is generaled,

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

Contibcale No: DAEI-577_Nov(4 Fago 2 ol &
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DC Voltage Measurement
AD - Converter Resolution naminal
High Rangea: 1LSB = B.1pV, full ange =  -100...+300 mV
Loy RAanga: ILSE = Biny | fullmange = <1 +3mV

DaSY measuramen: paramaters: Auts Zaro Tima: 3 sas; Measuring time: 3 sac

| Calibration Facters X ¥ F
High Range 404437 £ 0.1% (k=2) | 403,091 £ 0.1% (k=2) | 404.350 £ 0.1% (k=2)
Low Ranga 394121 4 0.7% (k=2) | 3.80867 £ 0.7% (k=2) | 3.95408 = 0.7% (k=2)
Connector Angle
I Coennactor Angle lo be used in DASY syalem 12701 "
Centificats Mo: DAERSTT_Nowvds Paca 3ol 5
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