APPENDIX D: Calibration Certificate

Calibration Laboratory of

Schmid & Partner
Engineering AG

Teughausstrasse 43, 8004 Zurich, Switerland

Schwelzerischer Kallbrierdionst
Barvice suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibeation Service

Accradited by ti Swiss Federal Office of Matralogy and Accrodilation Accreditation Me.: SCS 108
The Swiss Accreditation Service is one of tha signatories to the EA
Multilateral Agreemant for the recognition of calibration certificates

cient LG (Dymstec)
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|CALIBRATION CERTIFICATE

Dibject

Calibration procadurais)

CaSbration daia:

QA CAL-01.35

Condiion of the calibrated ifem

This cellbration cenificate documants thi traceabiity 1o national slandands, which realize the physical units of massuremants (51}
The measurements and the uncertainties with confidence probability are given an the following pages and are pan of the cedificate.

All calibrations have bean conducted in the closed boratory Teility: epvironment (emperature (22 £ 3)°C and ity < 0%

Calibration Equipment used [METE erilical for calibration)

ES30V3 - SN:3066

February 21, 2006
In Tolerance

This calibration carfificate shall not be reproduced excepd in full witheut writtan approval of the labaratory,

Frimary Slandands ID# ‘Cal Date (Calibrated by, Certilicate No.) Scheduled Calibration
Power melar E44198 GB41293874 FMay-05 (METAS, No. 251-00466) May-08
Power sensor E4412a MY 41485277 3-May-05 (METAS, No. 251-00466) May-06
Power sensor E44124 MY4 1486087 3-May-05 (METAS, No. 251-00466) May-06
Reference 3 dB Atlanuator 5M: 85054 (3c) 11-Aug-05 (METAS, Mo, 251-00488) Aung-DE
Reference 20 dB Attenuator 3M: S5086 (20b) 3-May-05 (METAS, Mo. 251-00467) May-06
Ruference 30 dB Attenuator SM: 55128 (306) 11-Aug-05 (METAS, MNo. 251-00500) Aug-06
Reference Probe ESIDV2 EM: 3013 2=Jan-06 (SPEAG, No. ES3-3013_Jan08) Jan-07 |
DAE4 EM: 654 2-Fep-06 (SPEAG, No, DAE4-654_Febls) Feb-OF
Hecondary Standards 10 % Chock Dadia fin houss) ) Seheduled Check
RF genaralor HP BE4RC LIS35421001700 4-Aug-89 (SPEAG, in housa chack Nowv-05) In house check: Nov-07
Metwork Analyzer HF B753E US37300585 18-0ct-01 (SPEAG, in house check Nov-05) Iy house check: Nov 08 |
Nanm Function Signature [
Calibrated by: Katja Pokovic Technical Manager T
" ﬁ%‘
Approved by:

— e A

Issaed: Fobmary 21, 2006

Certificate No: ES3-3066_Feb0g
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Calibration Laboratory of

. 5 Schwelzerischer Ralibrierdienst

Schmid & Partner Service sulsse d'étalonnage
Engineering AG C ' Servitio avizsero didaratun

Zeughausstrasse 43, 8004 Zurich, Switzerland S Swiss Calibration Service

Accredited by the Swiss Foderal Office of Metrology and Accreditation Accraditation No.: SCS 108

The Swiss Accreditation Service Is ane of the signatories to the EA

Multilataral Agreament for the recognition of calibration certficates

Glossary:

TSL tissue simulating liquid

NORMzx,y,2 sensitivity in free space

ConF sensitivity in TSL / NORMx,y.z

DCP diode compression point

Polarization ¢ ip rotation around probe axis

Polarization 9 9 rotation around an axis that is in the plane normal to probe axis (at

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

Calibration is Performed According to the Following Standards:

a)

b)

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

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:

Certificate No: ES3-3066 Feh(f Page 20f 9

NORMzx.y,z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-call; f > 1800 MHz:
R22 waveguide). NORMx,y,z are only intermediate values, i.e., the uncertainties of
NORMx, v,z does not effect the E”-field uncertainty inside TSL (see below ConvF).

NORM(Nx.y.2 = 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.

DCPux,y.z: DCP are numarical 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 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 = 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 correspands to
NORMx,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 Offset: The sensor offset corresponds to the offset of virtual measurement center
from the probe tip (on probe axis). No tolerance required.
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ES3DV3 SN:3066 February 21, 2006

Probe ES3DV3

SN:3066

Manufactured: December 14, 2004
Last calibrated: February 4, 2005
Recalibrated: February 21, 2006

Calibrated for DASY Systems

(Mole: non-compatible with DASY2 system!)

Cerliicale Mo: ES3-3066_Foblg Page 3ol 8
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ES3DV3 SN:3066 February 21, 2006

DASY - Parameters of Probe: ES3DV3 SN:3066

Sensitivity in Free Space” Diode Compression®
Normx 1.28 +10.1%  pV/(Vim)* DCP X 97 mV
NarmY 122 £104%  pVI(VIm)* DCPY 97 mv/
NormZ 1.21+104%  pVAVImY DCPZ 97 mv

Sensitivity in Tissue Simulating Liguid (Conversion Factors)

Plaase see Page 8.

Boundary Effect

TSL 200 MHz Typical SAR gradient: 5 % per mm
Sensor Centar to Phantam Surface Distance 3.0 mm 4.0 mm
SAR,, [%] Without Correction Algorithm 5.5 2.6
SARy, [%)] With Correction Algorithm 0.1 0.1
T5L 1810 MHz Typical SAR gradient: 10 % par mm
Sansor Cantar to Phantom Surface Distance J0mm 4.0 mm
SAR, [36] Without Correction Algorithm 4.1 18
SAHL, [ With Corection Algorithm 0.2 0.1
Sensor Offset
Probe Tip to Sensor Center 2.0 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 coveragae probability of approximately 95%.

* The uncertalnties of NormX.Y.Z do not afleet the B field umenrisinty ingides TSL (268 Pags 8),
" Mumarical linearization pararmoter, uncertainty mot regunsd

Curlificale Me: ES3-3066_Feb0G Page 4 of 9
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ES3DV3 SN:3066 February 21, 2006

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-fleld: £ 6.3% (k=2)
Cartificale No: ES3-3066_FebOg Page 5ol 8
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ES3DV3 SN:3066 February 21, 2006

Receiving Pattern (), 9 = 0°

f = 600 MHz, TEM ifi110EXX f=1800 MHz, WG R22
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Uncertainty of Axial lsotropy Assessmant: £ 0.5% (k=2)
Conificale No: ES3-3066_Feb06 PageGof 8
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ES3DV3 SN:3066
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Certificate No: ES3-3066_Feb06

—8— nol compensated

February 21, 2006

Dynamic Range f(SAR;..4)
(Waveguide R22, f = 1800 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)

Page 7 of9
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ES3DV3 SN:3066

February 21, 2006

Conversion Factor Assessment

f =800 MHz, WGLS R9 (head) f= 1810 MHz, WGLS R22 (head)
3.5 ' 30.0
30 1 250
F <3 2 200
16.0
s £
(4
5 i < 1001
0s - 5.0 1
0.0 - = 0.0
] 20 ail B0 H] 20 40 B0
z[mm] z[mm]

—=0— Analytical —&—Maasuramants —8— Analytical —¢— Moasurements
f[MHz] Validity [MHz]" TSL  Permiltivity Conductivity Alpha  Depth  ConvF Uncartainty
800 + 507100 Head 4151 5% 0.87 £ 5% 0.38 1.51 50,70 +11.0% (k=2)
1810 £50/+100 Head 40.0+ 5% 1.40 + 5% 0.65 1.08 481 +11.0% (k=2)
B35 + 507 +100 Body B65.2%5% 0.97 £ 5% 0.51 1.36 5.82 4 11.0% (k=2)
200 + 50/ +100 Body 55.0%5% 1.06 + 5% 0.58 1.2T 559 +11.0% (k=2)
1750 +50/+ 100 Body 534 +56% 149+ 5% 0.24 215 4,680 £ 11.0% (k=2)
1900 + 50/ + 100 Body 53.3+5% 1.52 £ 5% 0.271 283 4.38 £ 11.0% (k=2)

“ Tha valldity of £ 100 MHz only applies for DASY v4.4 and higher (see Pago 2] The uncartainty is the RES
of tha ConvF uncertainty at calibration frequency and the uncertainty for the indicated frequency band.

Ceriificate No: ES3-3066_Fabl6

Page Bof 9
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ES3DV3 SN:3066 February 21, 2006

Deviation from Isotropy in HSL
Error (¢, 3), f = 900 MHz

Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Cerificate No: ES3-3066_Feh(g Page S of 8
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Schmid & Partnar Enginaening AG s p e a g

Leughausstiasan 43, BUUS Zunch, Swatsirloned
Frione +41 1 245 9700, Fax +41 1 245 9779
infoalanong. conm, Rt Spen oo

Additional Conversion Factors
for Dosimetric E-Field Probe

Type: ES3DV3
Serial Number: 30-66

Place of Assessment: Lurich

Date of Asscssment; March 31, 2006
Probe Calibration Date: February 21, 2006 |

Schmid & Partner Engineering AG hereby certifies that conversion factor(s) of this probe

have heen evaluated on the date indicated above, The assessment was performed using the

FOTD numerical code SEMCAD of Schmid & Parmer Engincering AG. The evaluation is

coupled with measured conversion factors (probe calibration dae indicated above). The

uncertainty of the numerical assessment is based on the extrapolation from measured value

at 900 MHz or at 1800 MHz. -

Assessed by:

ES3DVI-SN3066 Page 1 of 2 March 31, 2006
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(1]

Schmad & Partnar Enginmaring AG

S p e a gq

Zaughaussirasse 43, BOD Turich, Switerlend
Phona +41 1 245 BI00, Fax +41 1 246 8779
nio@speag.com, hMipafhwwow.speng omm

Dosimetric E-Field Probe ES3DV3 SN:3066

Conversion [actor (2 standard deviation)

1950 £ 50 MHz Convl 4.69 = T4 :-, =40.0%5%

o =140 £ 5% mho/m
|(hcad tizsuc) )

Important Note:

For nwmerically assessed probe conversion factors, parameters Alpha and Delia in the
DASY software must have the following entries; Alpha = 0 and Delta = 1.

Please see also Section 4.7 of the DASY4 Man _l_ml.

ES3DV3-8N:3066 Page 2 of 2 March 31, 2006
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BB8/12/2086 18:15 8841442459779 SPEAG ; PAGE @86/14

Calibration Laboratory of SN,
Schmid & Partner . SN
Engineering AG %

- Zeughausstrasse 43, B004 Zurich, Switzeriand 5 @ﬁg

Acaradiiod by the Swiss Federal Office of Metrology and Acorsdtalion
The Swiss Accreditstion Sarvios is one of the aigpatories fo the EA
memhhwmndmm

Calibration date:

Condition of the calibrated item

| This callbration cerificate documents the tracsabilly to natlonal standards, which realizs the physical unis of moasurements (81).
The mmeris and the unce .wmmmnfmumbabﬂiymg!vcnmIhnhloulng'pngunmlmpaﬂofmeumﬁcm_

All @Nmﬁm& have besn conducted in the closed laboratary fasillty: environménl lemparature (22 ;'arc and humildity < 70%,
Callbration Equipment used (M&TE crifical for calibration)

Primary Standards D# i -culmmdmmmmml Schedulad Calibiration

Power meler E44198. . | GB41203874 3-May-05 (METAS; No, 25100466} - May-08
Powersensor 44124, MY41408277 3-May-05 (METAS; No. 251-00466) May-06
Pawer sensor E4412A MY41408087 2-May-05 (METAS, No. 251-00466)  © May-06
" | Reference 3 B Attanuator SN: 85054 (3¢) 11-Aug-06 (METAS, No. 251-00488) Aug0B
Reforonca 20 dB Attetuator | EN: §5086 (20b) 8-May-05 [METAS, No. 251-00467) © May-08
Raforanca 30 a8 Attenuator SN: $5129 (30b) 11-Aug-05 {METAS, No. 251-00500) Aug-06
Reference Probe ESIDV2 SN:3013 - 2-Jan-06 (SPEAG, No. ES3-3013_Jan08)  Jan-07
DAE4 SN: 654 27.0c1.05 (SPEAG, No. DAEA-654_Oct05)  Oct-06
Secondary Standards 04 Gheck Dale (in housa) : Scheduiled Check
RF generator HP 8646 US3842U01700 4-AuQ-88 (SPEAG, in house check Now-0S) -~ In house chack: Now-07
Network Anslyzer HP 8753E . | US37300565 18-06t01 (SPEAG, In house check Nov-05)  In house check: Nov 06
Mo . Functon Signaiure

Calibrated by;

Isaued: January 24, 2008

“This caibration oerificsto shall not be reproduced exbept i ull wihout wiien approval of the lsboratory.

Cartificate Net ET3-1729_Jan06 Page 10f9 -
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A8/12/2@86 18:15 2841442453779 SPEAG FPAGE B7/14

APPENDIX D: Calibration Certificate

Calibration Laboratory of Sy, Schwelzsrieohor Kallbriardienst
Schmid & Partner = Sarvice suisss datalonnage
Engineering AG z Servizia ovixzero di taratura
Zaugheusstrasse 43, 8004 Zurich, Switzariand .{@g Swies Calibration Sarvice
Actredited by the Swiss Faderal Office of Metrology and Accreditation Accreditation No.: SCS 108

The Swiss Accraditation Servica I one of the signatories to the EA
Multilataral Agresment for the recognition of calibration cartificates

Glossary:

TSL tissue simulating liquid
NORMx,y,z sensitivity in free space

ConF sensitivity in TSL / NORMx,y,z
DCP diode compression point

Polarization g ¢ 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) IEEE Std 1528-2003, “|EEE 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 {0 electromagnetic fields from mobile phones (300 MHz - 3
(GHz), July 2001

Methods Applied and Interpretation of Parameters:

» NORMsx,y,z: Assessed for E-field polarization 9 = 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 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 nor media.

» ConvF and Boundary Effect Parameters: Assessed in fiat phantom using E-field (or
Temperature Transfer Standard for f < B0O 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
NORMx.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: ET3-1729_Jan08 Page2 of 9
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BE/12/2886 1B:1Y5 BBq14492909779 SFEAG FAGE  Bd/19

ET3DVe SN:1729 January 24, 2006

Probe ET3DV6

SN:1729

Manufactured: October 1, 2002
Last calibrated: January 21, 2005
Recalibrated: January 24, 2006

Calibrated for DASY Systems
(Note: non-compatible with DASY2 system|)

Cartificate No: ET3-1729_Jan08 Page 3 of 9
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pB/12/28086 18:15 AR41442459773 SPEAG PAGE B39/14

ET3DVE SN:1729 January 24, 2006

DASY - Parameters of Probe: ET3DV6 SN:1729

Sensitivity in Free Space® Diode Compression®
NormX 163£101%  PVI(Vim)* DCP X 94 mvV
NormY 158 £10.1%  pV/(V/im)° DCPY 94 mv
NormZ 180 £10.1%  pVAV/mM)? DCPZ 84 mv

Sensitivity in Tissue Simulating Liquid (Conversion Factors)

Please see Page 8.
Boundary Effect
TSL 500 MHz  Typical SAR gradient: 5 % per mm
Sensor Center to Phantom Surface Distance 37mm 4.7 mm
SARy, [%] Without Carrection Algorithm 8.2 44
SARy [%] With Correction Algorithm 0.1 0.2
TSL 1810 MHz  Typical SAR gradient: 10 % per mm
Sensor Center fo Phantorn Surface Distance 37mm 4.7 mm
SARpe [%)] Without Correation Algorithm 7.0 39
SAR,, [%] With Correction Algorithm 0.2 0.2
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 probabillity of approximately 95%.

A Tha uncertainties of NormX.Y,Z dn not affeet the E-field uncertainty inside TSL (see Paga 8).
& Numerioal linearization parameter: uncartainty not required.

Certificate No: ET3-1729_Jan08 Page4 of 9
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B88/12/2886 18:15 8841442459773 SPEAG FAGE 18/14

ET3DV6 SN:1729 January 24, 2008

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncartainty of Frequency Response of E-field: £ 6.3% (lv2)
Certificate No: ET3-1728_Jan06 Page 50f8
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AB/12/2006 18:15 BR41442459779 SPEAG PAGE 11/14

ET3DV6 SN:1729 January 24, 2006

Receiving Pattern (¢), $ = 0°

r =600 MHz, TEM Hi110EXX f= 1800 MHz, WG R22

0 60 120 180 240 300 380
07

Uncartainty of Axial lsotropy Assessment; £ 0.5% (k=2)

Certificate No: ET3-1729_lan06 Page B of 8
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ET3DVE SN:1729 January 24, 2008

Dynamic Range f(SARpe.q)

(Waveguide R22, f = 1800 MHz)
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Uncertainty of Linearity Assessment: £ 0.6% (k=2)
Certificate No: ET3-1729_Jan08 Page 7 of 8
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@B/12/2806 1B8:15 BB41442459773 SPEAG PAGE 13/14

ET3DV6 SN:1729 January 24, 2008

Conversion Factor Assessment

1= 1810 MHz, WGLS R22 (hoad)

( 1= 900 MHz, WGLS R9 (head)
35!——--| :

25 4 [ ! i

1.

SAR[mW/cm /W
»
[+ (=}
t

1.0 "

05+ P Lt
il LI
0

2{mm]

s 4 e .| r_._mm —o—Measurements |

f[Hz] Validity MHz®  TSL Permittivity Conductivity _Alpha Depth __ ConvF Uncertainty

800 +80/%100 Head 415%6% 097:56% 054 187 6.17 £11.0% (k=2)
1810 £50/4100 Head 400+5% 1.40+5% 063 162 5.06 x11.0% (k=2)

“mummmmmymhrwu;mmmmnmw Is the RSS
MMM#Mﬂwmmedhummhwmhn&

Certificate No: ET3.1728_Jan06 Page 8 of 9
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PB/12/2006 18:15 PR41442459779 SPEAG PAGE 14/14

ET3DV6 SN:1729 January 24, 2006

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

| 8.1.00-0.80 M-0,80-0.60 W-0.60-040 M-040-0.20 M-0.20-0,00 | ,
| (000020 W020040 WOA0-0S0 WOG0080 W0.30-1.00 |

Uncertainty of Spherical lsotropy Asssssment: + 2.6% (k=2)

Certificate No: ET3-1729_Jan08 Page 9 of 9
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Additional Conversion Factors
for Dosimeiric E-Field Probe

Type: ET3DV6
Serial Number: 1720

Place of Assessment: Zuarich

Date of Assessment February 16, 2006
Probe Calibration Date: January 24, 2006

Schmid & Pariner Engineering AG hereby certifies that conversion factor(s) of this probe
have been evaluated on the date indicated above. The assessment was performed using the
FDTD numerical code SEMCAD of Schmid & Partner Engineering AG. The evaluation is
coupled with measured conversion factors (probe calibration date mdicated above). The
uncertainty of the mmerical assessment 1s based on the extrapolation from measured value
at 900 MHz or at 1800 MHz.

Assessed by:

ETiDVs-5MN:1729 Page 1 of 2 Febmary 16, 2006
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Dosimetric E-Field Probe ET3DV6 SN:1729
Conversion factor (+ standard dewviation)

835 + 50 MHz ComeF 6.09 + 75 =552+5%
o =097 £ 5% mho'm
(body fissue)
200 + 50 MHz ConvF 602+ 7% =550 5%
o =105 £ 5% mhe/m
(body tissue)
1750 + 50 MHz ComeF 491+7% g=534x5%
o =149 £ 5% mhoe/m
1904 + 50 MHz ConvF 484+ 7% =533x5%
o =152 £ 5% mhe/m
(body fizsue)
Important Note:
For numerically assessed probe conversion factors, parameters Alpha and Delta in the
DASY software must have the following entries: Alpha =0 and Delta = 1.
Pleaze see alzo Section 4.7 of the DASY4 Manual.

ETiDVs-5MN:1729 Page 2 of 2 Febmary 16, 2006
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