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Calibration report “Probe ET3DV6”

Calibration Laboratory of \\:::/, /"E-,E.\‘
Schmid & Partner T B
Enginesring AG ; mﬂ % | |

Zeughausstrasse 43, 8004 Zurich, Switzerand

Accredites by the Swiss Accreditation Senvice (SAS)
The SBwisa Accreditalion Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Clienl Cetecam

Schwelzerischer Kalibrierdienst
Service sulsse d€tzlonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 108

Certificate No: ET3-1558_Aug10

|CALIBRATION CERTIFICATE

Object ET3DVE - SA:1558

Calibration procedureis)

Calibration dale:

August 11, 2010

Calibration Equipme it used (W51 = criliczl for calibralion)

QA CAL-D1.v6, QA CAL-2353 and QA CAL-2512
Calibration procedure for dosimetric E-field probes

This calisration certificate documents the trassabilly 1o natianal standards, which -ealize the physical units of measuremerts (S0
The mezsurements and tha uncerainties with conficense prabability are given an the fallowing pages end are part of the certificate.

All calibratior s Fave been conductad in the cloeed labaratary facility, erwiranmment temperature (32 + 3)°C and humdigy = 709

Approved by: Kafja Pokaovic Technical Manager

This calibraticn certmcate ghal 101 be raproducsd exnapt in full withnut writen apgroval of the |sboratory.

Certificate Nc: ET3-1556_Augia Page 1 of 11

Prirmary Standarcs D& Zal Date (Certficate Ma.) Schaduled Calibration

Pawer meter F4419R8 GEA1283374 1-Apr-Ad {Me. 217011 36) Apr-11

Pawer sarsor =44124 MY 41435577 1-8pr-10 (Mo, 217-C1136% Apr-11

Pawer sersar C44 128 MY 1488087 1=Apn=10 (Mo, 217-01138) Apr-11

Reference 3 6 Attanustor SM: 55054 (2o} Al-hdar-1ik M 201 RE)] Ilar-11

Reference 20 d2 attenuatar S 55088 (20h) 30htar-10 (Mo 217-C1131) Mar 11

Reference 30 d2 Atonuator G- Se128 (200 A0-Mar-10 (Mo 217-C1150) befar-11

Reference Proose ESI0V2 S 2013 30-Dec-03 (M. ES3-3013_Cecdd) Cec-10

DE4 SR EE) 20-Apr-10 [Mo. DAEA-EBED Aprid) Ape-11

Sezoondary Standards ID# Gheck Dale (in house) Scheduled Check

RF ganarator HF 56420 US3B42001 /00 4-Au3-9% (n house check Oet-05) In Annse chack: Oet-11

Metwark &nalyzer HE BT5IE US37300585 18-01-01 Jin housa chesk Col-08) In house chack; Q10
MaTe =unctinn Sigriatira

Caiibrated by o Labaratary Technican f

Issuad: August ~<, 2010

2011-02-16

Page 3 of 60



Test report no.: 1-2977-08-02/11 CWMW

Calibration Laboratory of

S Schweizarischer Kalibnardianst
Schmid & Fartner c Sarvice suisse d'stalonnage
Eng inee.‘ing AG Servizio svizzero di taratura
Zoughausstrasse 43, 2004 Zurich, Switzerand S swiss Callbration Servics
Acciedited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is ane of the signatories to the EA
Multilateral Agreerent for the recognition of callbration certificates
Glossary:
TSl fissue simulating liguid
MORMX, .2 sensitivity in frae space
ConvF sensitivity in TSL S NORM:x.y .z
DCP dicde compression paint
CF crest faclor (1iduy_cycle] of the RF signal
A B C mecoulation dependent linearization paramaners
Folarization g p rotation around probe axis
Palarization # ratation around an axis that is in the plare 7onmal Lo probe axis (8l measuremert cantar),

i.e., 3 =0Is normal to probe axis

Calibration Is Performed According to the Following Standards:

a)

b

|IEEE Std 1528 2002, "|IEEE Recommended Practice for Determining the Peak Spatizl-Averaged Specific
Abscrption Rate (SAR) in the Hurman Head from Wireless Communications Devices: Measurament
Technigues®, December 2003

IEC 62208-7, “Procedurs to measurs the Sozcfic Absorplion Rate {SAR) for hand-held devices Lsed n close
praximity o the ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

NORMzx.y.z: Assessed [ E-field polarization & = 0 (f < 900 MHz in TEM-call; f = 1800 MHz: R22 waveguice),
NORMx .7 are arly inlermediate values, i.e., the uncerainties of NORM:,y. 2 does not affect the E - field
uncerainty ingide TSL (see below ConvF),

MNORM{flx, 1,7 = NORMz, v,z * frequency_rosponse (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncerlainty of the frequency response is included
in the stated uncertainty of ComvE,

DCPx,y,z: DCP are numericzl linear zetior paramctors assessed based on the data of powar sweep with CW
signal (no uncertainty required). DCP does not depend on freguency nor media.

Ax yz B, v,z Crpz, VRx Y20 A, B, C are numerical linearization parameters assessed based on the data of
power sweep far specific modulation sigral. The paramaters do not depend on Teguency nor mediz, VR is the
maximum calibration iange sxpressed in RMS voltage across the diode.

ConvF and Boundary Cifect Parameters: Assessed in flat phartom using E-field (or Tempeialure Transfer
Standard for f < 00 MHZ] and inside waveguide using analyticzl field distributions based on power
measuraments for f = 800 MHz. The same setups are used for assessment of the paremeters applied for
bounda~y compensation (alpha, depth) of which typical uncertzinty values are given. These parsmaters are
uzed in DASY4 aoftware tc improve probe accuracy close to the boundary, The sensitivity in TSL corresponds
to NORM:, v z ® ConvF whereby the urcerlainly <o responds to that given for ConvE, A frequency dependent
ConvE is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz tc + 100
IMHz.

Sphetical tsolropy (30 devisiion from isoiropy): in a field of low gradiants realized using 2 flai phantorr
exposed by a patch antenna.

Sensor Gifsel | he sensor offset comesponds to the offset o virtual measurement center fram the prabe tip
(on probe axis). Mo tolerance required.

Ceriificale Mo: ET3-" 558_Aug10 Page 2 of 11

2011-02-16
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Test report no.: 1-2977-08-02/11 CWMW

ET3DV6 SN:1558 August 11, 2010

Probe ET3DV6

SN:1558

Manufactured: September 16, 2003
Last calibrated: August 21, 2008
Recalibrated: August 11, 2010

Calibrated for DASY/EASY Systems

{Note: non-compatible with DASY2 systeml)

Cartiieate No: ET3-1558 Augi0 Paga 2 of 11

2011-02-16 Page 5 of 60



Test report no.: 1-2977-08-02/11

CETECOM

ET3DVG SN:1558

DASY/EASY - Parameters of Probe: ET3DV6 SN:1558

Basic Calibration Parameters

August 11, 2010

Sensor X | SenaorY | Sensor Z [Une (k=2)
Nom (uvi(vim)*)® ‘g8 1.60 1.75 | £10.1%
DCF {mv)® 936 94.8 91.8
Modulation Calibration Parameters
uiD Communication System Mame PAR| A B C VR Unc®
dB dBu¥ my (k=2
10000 {e (00 x 0n.on 0.00 1.00] 300.0 +1.5%
0.0 0.00 1.03) 300.0
0.00 0.00 1.00] 2000

approximately 95%.

" The urcardinties o NormK, ¥,2 do rot affect the E-fishi une iy inside TSL fs2e *apes § and 61

" Mumerical freatzaten saramstar wneartsinty rat resuined

The reported uncertainty of measurament is stated as the standard uncertainty of measurement multiplied
by the coverage factor k=2, which for & norrnal distribution corresponds to a caverage probability of

= Lriee vt ly iz sdelees mined using the mamuLm desiziion fror linear resoonsa aoplying recetanguiar o snnunon and s expressed nr e square of ia fisld walus,

Lartificate No ET3-1553_Aug D

Fage 4 of 11

2011-02-16
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Test report no.: 1-2977-08-02/11

CETECOM

ET3DV6 SN:1558

DASY/EASY - Parameters of Probe: ET3DV6 SN:1558

Calibration Parameter Determined in Head Tissue Simulating Media

August 11, 2010

i [MHZ] Valldity [MHz]™ Permitrivity Conductivity ConvF X ConwFY  Ceonwk Z Alpha Dapth Unc (k=2)
T8O £ &0/ £ 100 41.9 £5% 0.80 8% 5.26 5.28 £.26 0.33 2.00 £11.0%
835 80/ =100 41,5 £58% 0.90 £ 5% a8z hHZ7 £ 9z 042 228 £11.0%
800 #5850 =100 11.5 £E% 0.87 £5% 580 5.80 £.80 0.28 246 +£11.0%
1730 £ 504 =100 401 £ 5% 1.37T £ 5% 502 5.03 .03 0.0 276 £11.0%
1900 £ 50/ 100 400 £5% 1.40 + 5% 476 4.76 4,76 n.52 243 L17.0%
2450 1507100 392+ 5% 1.80 £ 5% 4.14 4.14 4.14 0.33 1.74 +1° 0%

© The waicity of = 100 MHz nnly appliss for DASY vd.2 and higher (ses Page 2), The unesrainty is the RES of tie ConwF uncertaicty at ealibration frequency

and e uncertainty fo- the irdicaced frequency burad

Cerificate Mo: ET3-1858 Augin Pagae S5cf 11

2011-02-16

Page 7 of 60



Test report no.: 1-2977-08-02/11 CWMW

ET3DV6 SN:1558 August 11, 2010

DASY/EASY - Parameters of Probe: ET3DV6 SN:1558

Calibration Parameter Determined in Body Tissue Simulating Media

f [MHz] Validity [MHzI" Permittivity Conductivity ConvF X ConwFY  ConwF 7 Alpha Depth Une (k=2)
iHi £ 50/2100 B5.5 + B D56 + 5% 505 5.95 5.55 C.44 223 +11.0%
835 £ 507100 552 £ 5% D97 £ 5% 5.85 285 5.65 C.41 235 *11.0%
an0 + 504+ 100 56.0 = 5% 105 5% 573 573 573 0.36 2FT £11.0%
1750 + 50/ 100 53.4 = 5% 145 5% 4.61 481 461 0.81 2892 £11.0%
1800 + 50+ 100 533 =E% 1.52 £ 5% 435 4135 4.35 0.81 2.52 £11.0%
2450 +50/+100 527 + 5% 195 1 5% 4.03 403 4.03 0.59 1.79 £11.0%

© The val city of + 100 MHz anly app &3 tor DASY vA.4 ard Figher (aze Paga 23 The unierlairky is the RSE of the DorvF unssrtsiny ot calibration frecusncy

and the uncerta rly far the indicated requeney tand.

Certifcate Mo £15-1538_Aug1D Page 6 of 11

2011-02-16 Page 8 of 60



Test report no.: 1-2977-08-02/11 CWMN

ET3DV6 SN:1558

Frequency response (normalized)

N

05

August 11, 2010

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

| | |
[} 500 1200 1500 2000 2500 3000
£ [MHz]

—&—TEM ——FRz2

Cartificate Mo: =T3-1558 Augid

Unecertainty of Fraguency Response of E-field: + 6.3% (k=2)

Fage 7 of 11

2011-02-16

Page 9 of 60




Test report no.: 1-2977-08-02/11

CETECOM

ETIDV6 SN:1558

Receiving Pattern (¢), 3 =0°

August 11, 2010

| |
f =600 MHz, TEM ifi110EXX ‘ f= 1800 MHz, WG R22

o &0 ‘20 180 240 300
(14|

Unecertainty of Axial Isotropy Assessmant: * 0.5% (k=2)

Certificate Mo: FT3-1558_Aug10 Page 8§ of 11

—— 30 MHz
= 100 MH2
—4— 600 MHz
—— 1800 MHz

—db— 2500 Mz

2011-02-16

Page 10 of 60




Test report no.: 1-2977-08-02/11 CWM ;

ET3DVG6 SN:1558 August 11, 2010

Dynamic Range f(SAR;.q4)
(Waveguide R22, f = 1300 MHz})

1.E+LE

1.E+05

1.E+04

V]

1E+02

igna

Input &

1B+ |

1.E+01

1.E+00 ! | |
00001 0.001 0.01 o1 1 10 100
SAR [mWicm’]

=@— ol camnansalod —@—cryrpensatan |

01 i ‘ T
1.4 |
0001 .01 0.1 1 10 100
SAR [mNfem
Uncertainty of Linearity Assessment: * 0.6% (k=2)
Cearliicate Ma: ET3-1540_Suglk Page 8 of 11

2011-02-16 Page 11 of 60




Test report no.: 1-2977-08-02/11 CWMN

ET3DV6 SN:1358 August 11, 2010

Conversion Factor Assessment

f =000 MHz, WGLS R9 (head) | f= 1750 MHz, WGLS R22 (hoad)

4] 10 20 30 40 S0 £Q 4] 10 20 30 40
a[mm] z[mm]
—@—Anslyiical =0 hzasuramants _-@-Aﬁah’[:al —O— Maasurements.

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

Error [dB]

E- 00-0.80 M-00-060 B-060-040 @-040--020 @-0.20:000
Dopoczn @02004]  O040-280 0 O060-0.30  EOE0-1.0

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

Certificate Ma: E13-1458_aug10 Fage "Maf 11

2011-02-16 Page 12 of 60



Test report no.: 1-2977-08-02/11 CWMW

ET3DVE SN.1558 August 11, 2010

Other Probe Parameters

Sensor Arrangement Triangular
Connectar Angle (7} Nat applicable
Mechanical Surface Detection Mode enabled
Optical Surface Datection Mode enahled
Probe Qverall Lergth 337 mm
Probe Body Dismeter 10 mum
Tip Length 10 mm
Tip Diameter 6.8 mm
Prabe Tlp to Senser X Calibration Poin: 27 mm
Probc Tip to Senscr Y Calibration Point 2.7 mm
Probe Tip lo Sensur £ Calibirstion Point 27 mm
Recommended Measurement Distance from Surface 4 mm
Certificate ha FT3-1558_Aug10 Page 11 of 11

2011-02-16 Page 13 of 60



Test report no.: 1-2977-08-02/11 CWM ;

3 Calibration report “Probe ET3DV6”

Calibration Laboratory of t‘\v\"\‘y’m@ Schweizerischer Kalibrierdi
Schmid & Partner ;I;q ““\:—:'/—-/IEI IE;E Service suisse d'étalonnage
Engineering AG e Servizio svizzero di taratura
i e . e
Zeughausstrasse 43, 8004 Zurich, Switzerland 1,4?\'\\\‘; Swiss Calibration Service
gl |l|ll i
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client Cetecom Certificate No: ET3-1559_Jan11
|CALIBRATION CERTIFICATE

Object ET3DV6 - SN:1559

Calibration procedure(s) QA CAL-01.v7, QA CAL-12.v6, QA CAL-23.v4 and QA CAL-25.v3

Calibration procedure for dosimetric E-field probes

Calibration date: January 19, 2011

This calibration certificate documents the traceability to national standards, which realize the physical units of measurements (Sl).
The m its and the ities with confidence probability are given on the following pages and are part of the certificate.

All calibrations have been conducted in the closed lab y facility: i 1ent termperature (22 £ 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for calibration)

Primary Standards 1D # Cal Date (Certificate No.) Scheduled Calibration

Power meter E44198 GB41203874 1-Apr-10 (No. 217-01138) Apr-11

Power sensor E44124 MY41485277 1-Apr-10 (No. 217-01136) Apr-11

Power sensor E4412A MY41498087 1-Apr-10 (No. 217-01136) Apr-11

Reference 3 dB Attenuator SN: 35054 (3c) 30-Mar-10 (No. 217-01159) Mar-11

Reference 20 dB Attenuator SN: 55086 (20b) 30-Mar-10 (No. 217-01161) Mar-11

Reference 30 dB Attenuator SN: 85129 (30b) 30-Mar-10 (Mo. 217-01160) Mar-11

Reference Probe ES3DV2 SN: 3013 29-Dec-10 (No. ES3-3013_Dec10) Dec-11

DAE4 SN: 660 20-Apr-10 (No. DAE4-660_Apr10) Apr-11

Secondary Standards ID# Check Date (in house) Scheduled Check

RF generator HP 8648C US3642001700 4-Aug-99 (in house check Oct-09) In house check: Oct-11

Network Analyzer HP 8753E US37390585 18-Oct-01 (in house check Oct-10) In house check: Oct-11
Name Function Signature

Calibrated by: Jeton Kastrati Laboratory Technician

\ A
= H = 2 T
Approved by: Katja Pokovic Technical Manager .,_.f Q/’)‘g/f i

Issued: January 20, 2011

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

Certificate No: ET3-1559_Jan11 Page 1 of 11

2011-02-16 Page 14 of 60



Test report no.: 1-2977-08-02/11 CET_ECOMW
e

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

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

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

NORMX,y,z sensitivity in free space

ConvF sensitivity in TSL / NORMx,y,z

DCP diode compression peint

CF crest factor (1/duty_cycle) of the RF signal

A B, C modulation dependent linearization parameters

Polarization ¢ o rotation around probe axis

Polarization 9 8 rotation around an axis that is in the plane normal to probe axis (at measurement center),

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

Calibration is Performed According to the Following Standards:

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

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

Methods Applied and Interpretation of Parameters:
«  NORMzx,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 E2-field
uncertainty inside TSL (see below ConvF).

o NORM(fx,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.

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

e Axy,z Bx,y,z; Cx,y,z, VRx,y,z: A, B, C are numerical linearization parameters assessed based on the data of
power sweep for specific modulation signal. The parameters do not depend on frequency nor media. VR is the
maximum calibration range expressed in RMS voltage across the diode.

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

s 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.

Certificate No: ET3-1559_Jan11 Page 2 of 11

2011-02-16 Page 15 of 60




Test report no.: 1-2977-08-02/11 CWMW

ET3DV6 SN:1559 January 19, 2011

Probe ET3DV6

SN:1559

Manufactured: December 1, 2000
Last calibrated: January 20, 2010
Recalibrated: January 19, 2011

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system()

Certificate No: ET3-1559_Jan11 Page 3 of 11

2011-02-16 Page 16 of 60




Test report no.: 1-2977-08-02/11 CWMW

ET3DV6 SN:1559 January 19, 2011

DASY/EASY - Parameters of Probe: ET3DV6 SN:1559

Basic Calibration Parameters

Sensor X | Sensor Y | Sensor Z |Unc (k=2)
Norm (pV/(V/m)%)? 1.79 1.59 164 | +10.1%
DGP (mv)® 96.9 97.6 96.3

Modulation Calibration Parameters

uiD Communication System Name PAR| A B c VR Unc®
dB dBuv mv (k=2)
10000 Ccw 0.00 X 0.00 0.00 1.00] 132.1 +29%
Y 0.00 0.00 1.00{ 137.8
r4 0.00 0.00 1.00] 128.3

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

A The uncertainties of NormX,Y,Z do not affect the E*-field uncertainty inside TSL (see Pages 5 and 6).
& Numerical linearization parameter. uncertainty not required.

E Uncertainty is determined using the maximum deviation from linear response applying recatangular distribution and is expressed for the square of the field value.

Certificate No: ET3-1559_Jan11 Page 4 of 11

2011-02-16 Page 17 of 60




Test report no.: 1-2977-08-02/11

CETECOM™

ET3DV6 SN:1559

DASY/EASY - Parameters of Probe: ET3DV6 SN:1559

Calibration Parameter Determined in Head Tissue Simulating Media

January 19, 2011

f [MHz] Validity [MHZ]C Permittivity Conductivity ConvF X ConvFY ConvFZ Alpha Depth Unc (k=2)
450 +50/+100 43.5 5% 0.87 +5% 7.39 7.39 7.39 0.18 2.07 £13.3%
835 + 50/ 100 41.5+5% 0.90 5% 6.33 6.33 6.33 025 3.00 +11.0%
900 +50/% 100 41.5+5% 0.97 £ 5% 6.20 6.20 6.20 0.26 3.00 =11.0%
1750 £50/+£100 40.1£5% 1.37 £ 5% 5.28 5.28 5.28 0.79 1.69 £11.0%
1900 +50/+ 100 40.0+5% 1.40 £ 5% 5.02 5.02 5.02 0.79 160 =11.0%
2450 +50/+100 39.2+5% 1.80 5% 4.38 4.38 4.38 0.79 2.02 £11.0%

© ‘The validity of £ 100 MHz only applies for DASY v4.4 and higher (see Page 2). The uncertainty is the RSS of the ConvF uncertainty at calibration frequency

and the uncertainty for the indicated frequency band,

Certificate No: ET3-1559_Jan11 Page 5 of 11

2011-02-16

Page 18 of 60



Test report no.: 1-2977-08-02/11 CWMW

ET3DV6 SN:1559

DASY/EASY - Parameters of Probe: ET3DV6 SN:1559

Calibration Parameter Determined in Body Tissue Simulating Media

January 19, 2011

f [MHz} Validity [MHz]° Permittivity Conductivity ConvF X ConvFY ConvFZ Alpha BDepth Unc (k=2)
450 +50 /%100 56.7 £+ 5% 0.84 £5% 7.73 7.73 7.73 0.12 2.07 +13.3%
835 +50/+ 100 552 +5% 0.97 £5% 6.22 6.22 8.22 0.25 298 £11.0%
900 +50/+ 100 55.0+5% 1.05£5% 6.10 6.10 6.10 0.29 287 +11.0%
1760 +50/£100 534 5% 149 £ 5% 4.68 4.68 4.68 0.79 2.39 +11.0%
1900 +50/+100 53.3+5% 1.52 £ 5% 4.40 4.40 4.40 0.79 2.32 £11.0%
2450 +50/+100 52.7 £5% 1.85 + 5% 3.91 3.91 3.91 0.70 3.00 +11.0%

© The validity of £ 100 MHz only applies for DASY v4 .4 and higher (see Page 2). The uncertainty is the RSS of the ConvF uncertainty at calibration frequency

and the uncertainty for the indicated frequency band.

Ceriificate No: £T73-15659_Jan11 Page 6 of 11
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Test report no.: 1-2977-08-02/11 CWMW

ET3DV6 SN:1559 January 19, 2011

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)

12 4

1.1 - -

1.0 4 ey & ot

09

038

Frequency response (normalized)

0.7 A . )

0.5

[¢] 500 1000 1800 2000 2500 3000
f [MH2]

—G—TEM —0—R22 I

Uncertainty of Frequency Response of E-field: & 6.3% (k=2)

Certificate No: ET3-1559_Jan11 Page 7 of 11
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Test report no.: 1-2977-08-02/11 CMJQMN‘

ET3DV6 SN:1559 January 19, 2011

Receiving Pattern (¢), 9 = 0°

‘ f =600 MHz, TEM ifi110EXX f=1800 MHz, WG R22

—a—X —a—Y —a—7 —0—Tat

—0—30 MHz
—i— 100 MHz

—&—E00 MHz
—— 1800 MHz ‘

| —&—2500 MHz |

0 60 120 180 240 300
¢[]

Uncertainty of Axial Isotropy Assessment: * 0.5% (k=2)

Certificate No: ET3-1559_Jan11 Page 8 of 11
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Test report no.: 1-2977-08-02/11 CMJQMN‘

ET3DV6 SN:1559 January 19, 2011
Dynamic Range f(SAR;..q)
(TEM cell, f = 900 MHz)
1.E+06 I
16405 |
1.E+04
2 ;
' %1.E+03|
£ |
=] I
> {
8
£ 1,E+02
&
1.E+01
|
1.E+00 I i ] | |
0.001 0.01 0.1 1 10 100
SAR [mWicm®]
—a—X B Xcor —@—Y —W—Ycor —8—Z7Z —8—7cor
2,00
1.00
= 0.00 |
=
g
IIE-1.00
-2.00 + | ! Ll 1 181)
0.001 0.01 0.1 1 100
SAR [mWicm?’]

Uncertainty of Linearity Assessment: £ 0.6% (k=2)

Certificate No: ET3-1558_Jan11 Page 9 of 11
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Test report no.: 1-2977-08-02/11

CETECOM

ET3DV6 SN:1559

January 19, 2011

Conversion Factor Assessment

f = 900 MHz, WGLS RS (head)
. 25 :
|| | ]
-

Certificate Mo: ET3-1559_Jan11

f=1750 MHz, WGLS R22 (head)

30.0

250 1

z[mm]

—@— Analytical —0—Measuraments

Deviation from Isotropy in HSL
Error (¢, 9), f = 900 MHz

:I-1.DU--D.80 @-0.80--0.60 @-0.60--0.40 @-0.40--0.20 @-0.20-0.00
00.00-0.20 m0.20-040 O040-060 [@060-0.80 M0.80-1.00

Error [dB]

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

Page 10 of 11
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Test report no.: 1-2977-08-02/11 CWMW

ET3DV6 SN:1559 January 19, 2011

Other Probe Parameters

Sensor Arrangement Triangular
Connector Angle (°) . Not applicable
Mechanical Surface Detection Mode enabled
Optical Surface Detection Mode enabled
Probe Overall Length 337 mm
Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter 6.8 mm
Probe Tip to Sensor X Calibration Point 2.7mm
Probe Tip to Sensor Y Calibration Point 2.7mm
Probe Tip to Sensor Z Calibration Point 2.7 mm
Recommended Measurement Distance from Surface 3.7 mm
Certificate No; ET3-1559_Jan11 Page 11 of 11

2011-02-16 Page 24 of 60




Test report no.: 1-2977-08-02/11

CETECOM

4  Calibration report “900 MHz System validation dipole”

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausslrasse 43, 8004 Zurich, Switzerland

AL

Schweizenischer Kelibrierdignst
Service suisse d étalonnage
Servizio evizzerc di taratura
Swiss Callbration Service

Accraditad 2y the Swss Accradifation Sarvice [SAS) Accreditation Mo.: SCS 108
The Swiss Accreditation Service is one of the signatories 1o the EA

Multilateral Agreement for the recagnition of calibration cerrificates

Client Cetecom

certificate No: DO00OV2-102_Augl0

|CALIBRATION CERTIFICATE

Qbjeot

QA CAL-05.v7

Cal beat on procedurcis)

Calibration procedure for dipole validation kits

Calibral wrn dale: ALIgLISi 16. 2010

Calibratcn Eguipment usad (MATE critical for calibralion)

Do0OVE - BN: 102

Ihis calbratior cerificate documents the wraceability to national standards, which realize the physical units of measurements (S1).
The maasursmente and the uncatainties wit confidencs probability are given an the following pages and ars part of the cerfificste.

All ealibrations have been conductad inthe clesed laboratony “zcility: envirenment temperature (22 1 3}°0 and humidity = 70%.

Metwnrk Analyrer HP A755F | ISATRAN5A5 54006

Hamsa

Calibratzd by Claudio Leubler

Appravec by: Kaitja Pokevic

18-Chet-01 {in house chenk Qat-08)

Functicn

Laboratory Techrician

Technical Manager

This cal bratier cedilicate shall notbe reprecucad exeept in ull without written agproval of the latcrato sy,

Primary Standarda IC # Cel Dete |Cerificata No.) Schedulzd Calizration
Power meter =PM-4424 GHAIATARNTA O6-Cet-N8 (foe, 217-010348) et

Power senzor HP 848148 Sa72937493 Q6-Oct-09 (ho, 217-01085) Oet-10

Reference 20 J5 & tenuston SN: ROSG (20} A0-BAa-1 0 (Mo, 217-01158) Mar-11

Type-M mizmaich combinat'cn Sh; 50472 7 06327 30-Mar-10 (Mo, 217-011682) Mar-11

Feferenca Probe EZ30DVE SH: 3205 A0-Apr-10 (ho. ES3-3200 April) Apr-11

DaEd SH: B0 10-dun-" L iNo. DAE2-B01 _uunl 2 Ju11

Secondary Standands IC 2 Chage Date [in bousg) Scleduled CShacx
Power sgnsor HP 84814 WY1 392317 18-0et-02 fin nouse check Oct-08) In house check: Cot-11
RAF generator H&S SMT-06 100005 4-fug-39 (in house check Oc-09) In house check: Sot-11

In housa check: Sat-10

Siqriaturc

ok

=5Uad: August 19, 2010

Canificate No: DIDF2-102_Auglo

Page 1 of 8

2011-02-16
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Test report no.: 1-2977-08-02/11 CWMW

H H R LT )
Callbratlon Lahnratory of {.\‘\\;‘_\:/:573‘ 5 Schweizerischer Kalibrierdienst
Schmid & Partner c Service suisse d'Stalonnage

Engineering AG E = Servizio svizzero di taratura
Zpughaussirasse 43, 8004 Zurich, Switzerland égfﬁ:\? S Swiss Calibration Service
Sy ey
mccredited by the Swiss Accred taticn Sorvica (S43) Accreditation Mo.: SCS 108

The Swisa Accreditation Service is one of the signatories to the EA
Multilateral Agreament for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y.z

N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) 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, "Procedurs to measure tho Specific Absormption Rate [SAR) for hand-held
devices used in close proximity to the ear (frequency rangz of 300 MHz to 3 GHz)",
February 2005

¢) Federal Communications Commission Office of Engineering & Technology {(FCC QET),

“Evaluating Compliance with FCC Guidelincs for Human Exposure to Radiotrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits far Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:

d)

DASY4/5 System Handbaok

Methods Applied and Interpretation of Parameters:

Certificate No: DI0OVE-102_Aug10 Paye 2 0l 2

Measurement Condifions: Further details are available from the Validation Report at the end
of the certificale. All figures stated in the certificate ars valid at the frequency indicated.

Antenna Parameters with TSL: The dipole is mountad 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 dipale
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.

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

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

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

SAR for nominal TSL paramefers: The measured TSL parameters are used to calculate the
nominal SAR result,

2011-02-16
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Test report no.: 1-2977-08-02/11

CETECOM

Measurement Conditions

DASY systerm configuration, as far as not given on page 1.

DASY Version

DASYS

V2.2

Extrapolation

Advanced Extrapolatian

FPhantom

Mocilar Flal Phantom V4.9

Distance Dipole Center - TSL

15 mm

witn Spacor

Zoom Scan Resolution

Fraquency

dx, dy, dz =5 mm

000 MHz 11 MHz

Head TSL parameters

The following parametars and caloulalions were aoplied.

Temperature I Permittivity Conductivity

Nominal Head TSL parameters 22.2°C 1.5 .87 mho/m
Measured Head TSL parameters (22.0202)"C HM.2+6% 0.97 mhoi/m = 6 %
Head TSL temperature during test (21.80=z02)*C

SAR result with Head TSL
SAR avcraged over 1 em® (1 g) of Head TSL Condition
SAR measured 250 W input powar 280\ g
SAR normalized nofmalized to 1W 11.2mWig

SAR for nominal Head TSL parameters

normalized to 14

11.2 mW Jg = 17.0 % (k=3)

SAR averagad over 10 cm® (10 g} of Head TSL condition
SAR maasured 250 mW input power 1.79 mW i g
8AR normalized normalized to 1V FAG MY g

SAR for nominal Head TSL parameters

normalized to 1vW

715 mW /g = 16.5 % (k=2)

Cartificale No: Dandw2-102_AugiQ

Page 2ol 9

2011-02-16
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Test report no.: 1-2977-08-02/11

CETECOM

Body TSL parameters

Tne following parameters 2nd calculations ware appliad,

Temperature Permittivity Conductivity
Nominal Body TSL paramelers 22.0°C 55.0 1.05 mhoim
Meagured Body TSL parameters (22.0+0.2]°C 5421 6% 1.07 mho/m + & %
Body TSL temperature during test [22.0+0.2 °C —--
SAR result with Body TSL

SAR averaged over 1cm” (1 g) of Body TSL Condition

| 3AR measured 250 mW input power 283 mW /g
SAR normaized normalized to W 11.6mW /g

SAR for nominal Body TSL parameters

normalized 1o TW

11.2 mW /g = 17.0 % (k=2)

SAR averaged over 10 cm” {10 p) of Body TSL cordition
SAR measured 250 mW input power 1.85mW /g
SAR normalized narmalized o 1W F.40mi S g

EAR for nomiral Bedy TSL parameters

normalized to 1W

731 mW /g x 16.5 % (k=2)

Certificate Mo: DIOWV2-102_Aug10

Page 4 of §
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Test report no.: 1-2977-08-02/11 CWMW

Appendix
Antenna Parameters with Head TSL
Impedance, transformed to feed point 48,88 - 450
[ Return Loss -269dB

Antenna Parameters with Body TSL

linpedance, transformed o fead point 4630 -6.1 0
Return Lozs -226dB

General Antenna Parameters and Design

Electrical Delay {one dirsction) ©.303 ns

Aftar long term use with 100W radiated power, only a slight warming of the cipo & 1ear the feedpaint can be measured,

The dipole is made of standard semirigid coaxial cabla, The center conductor of the fecding line is dirsctly connected to the
second arm of the dipole, The antenna is therefore sborl-ircuited for DG-signals.

No micassive force must be appl ed wo the dipole arms, becauss they mighd bend or the solcerad connections near the
faedpoint may be damaged.

Additional EUT Data

Menufactures by SFEAG
Manufactured on January 24, 2001
Crrlificale No: DEO0V2-102 Aug 10 FPage S ot 9
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Test report no.: 1-2977-08-02/11 CWM ;

DASY5 Validation Report for Head TSL

Drate/ Tirne: 0908 20100 15:19:24
Test Lahoratory: SPEAG, Zurich. Switzerland
DUT: Dipole 901 MHz; T'ype: DY 2; Serial: DY90OV2 - SN:102
Communication System: CW; Frequency: 900 MHz; Duly Cyele: 1:1
Mediurm: HSLYX)
Madium paramelers used: [ =900 MHz: 0= 0.97 mho/m; £, = 41.2: p = 1000 kg/m”

Phaniom section: Flat Section
Measurcment Standard: DASY S (IECEC/AEC/ANST C63.19-2007)

DASYS Configuration:
®  Prohe: BRIV - SNA?O0S: ConvE S 88 5 88 5 88 Calibratad: 30.04.20 10
s Sensor-Surface: Smen (Mechanical Surlace Deleetion)
= Electronics: DAFS 36015 Calibruted: 10062010
®  Phantom: Flal Phantom 4,905 Lypa: QDUUDPAIAA; Serial: 1001
o Measurement SWe DASYIZ, VS22 Tiild 0, Version 52.2.6 (163}

®  Pospprocessing SW: STWVICAN X, V14,2 Boild 2. Version 14.2.2 ([683)

Head/d=15mm, I'in=250 mW, dist=3.0mm (ES-Probe) 2/Zoom Scan (7x7x7} (7x7x7)/Cube
0: Measurement grid: dx=amm. dy=3mm, dz=5mm

Relerence Value = 60,1 ¥/m: Power Drill = 0.00742 dB

Peak SAR (extrapolated) = 4.27 W/kg

SAR(1 g) = 2.8 mW/g; SAR(I0 ) = 1.79 mW/g

Maximum velue of SAR (measured) = 3.3 mWig

an
—n

hdB = 3.3 Wiy

Certificate Mo: DIOOV2-102_Augi10 Page & of @
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Test report no.: 1-2977-08-02/11

CETECOM

Impedance Measurement Plot for Head TSL

1 U Fe

EHL =14

Del

Ca

firg
‘e

CHz 541 LOE 3 _cB/REF

1 49.914 &

9 Aug 2618 12:16:28
-4.49€1 & 29230 oF QEH.BEE 0aa MHz

-28 _de 1:-28.348 42 302000 090 MHz

Cu .8 -
| N
i
fie |
fee [ |

; :
CEMTER SG6.H68 A0 MHz SPPH 480,808 000 MHz
Cerlificate Mo: D00V2-102_Aug 10 Page 7 of 9
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Test report no.: 1-2977-08-02/11 CWM ;

DASYS Validation Report for Body

Date/Time: 16.08.2010 13:40:10
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole Y00 MHz; Type: DYDY 2; Serial: DYNIOY2 - SMh:102

Communication System: CW; Frequency: 900 MHz; Duty Cycle: 1:1

Medium: MO .
Muedium paramicters used: =900 MHz: o = 1.07 mhwm; e = 54.2; p = 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASY S (IELE/AEC/ANS] C6319-2007)

DASYS Contiguration:
& Prohe: TRADWE - SNA208; ConeFrag 1, S8, S8y Calibezieal: W04 2000
#  Sepsor Surface dmin (Mechanical Surface Detecticon)
*  Flecnics DATS So60 1 Calibeael; 10.06,2010
o Fhartom: Flal Phantom 490 Pypes QUXOOORRIAA; Senal; 1001
e Nleaswoment SW: DASYSZ, V522 Build (h, Version 32.2.10{163)

& Posrprocessing SW: SEMU AT 3 VL2 Tiilel 2, Version [4.2.2 (16R5)

Body/d=15mm, I'in250 mW, dist=3.0mm (ES-Probe) 2/Zoom Scan (7x7x7) (7x7x7)/Cube
Measurement grid: ds=5mm, dy=5mm, dz=5mm

Refterence Vulue = 37.06 Vim; Power Drift = {1031 dB

Peak SAR (extrapolated) = 4.33 Wikg

SAR(L g) = 288 mW/g: SAR(I0 g) = L.8S mW/g

Maximum value of SAR {(measured) = 3.34 mWig

0 dB = 3.32mWre

Certilicale No; DROV2-10Z2_AugiD Page & of ¢
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Test report no.: 1-2977-08-02/11

CETECOM

Impedance Measurement Plot for Bady TSL

D ARITA G
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55,008 HH.
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Carificate No. D20CV2-102 Aug1d
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Test report no.: 1-2977-08-02/11 CET_ECOMW

e

5 Calibration report “1900 MHz System validation dipole”

. - vl -
Callhl:'ﬁtlﬂn Lahnratory of {‘1\}\:’—5}{}} Schweizerischer Kalibrierdienst
Schmid & Partner i Barvice sulsse d'élalonnage
EI’IgiI"I'DCi’iﬂg AG i Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich., Swilzerland ’3/::;—'2:‘:\\\ Swiss Cailbratlon Service
e
Accradited by the Swiss Accreditation Service (245) Accraditation Me.: SCS 108

The Swiss Accreditation Service is one of the signatoriss to the EA
Multilateral Agreement for the recognition of calibratlon esrtificates

Client Cetecom certitieate No: D1900V2-5d008_Aug10

|CALIBRATION CERTIFICATE

‘Dtli-;—:n;l D1900V2 - SN: 5d00a

Calibration procadureis) QA GAL-05.vT
Calibration procedure for dipole validation kits

Calibation Jate: August 17, 2010

Thiz calibration catificate decuments the traccability o nadonal standacds, which nealiza the physical units of meesurements (S1).
The ireasunaments and the encarlzinlios will confidence probability are given on the fol owing pages and are part of the o2 tificate.

All zalibrafinrs have heen conduried in the closed labomteny faciity: emvronment lemperalurs (22 + 370 ard humid by « 70%.

Calibratior Equipment used (M& Tz entical for calitation

Primay Standams | D # Cal Date (Corificats Moy Sehedulad Calieraton
| Power meter EPM-442a GEITABIT0L DE-O1-09 (Mo, 217-01C08) Oct-10

Power sensor HF 84814 US3723278% OE-00-08 (Mo, 217-01086) oet-10

Rafererce 2C dB Atlenualor Sh: 5036 {20g) IL-Mar-10 (Mo, 217-01158) Fdar-11

Type-N mismatch carbinatian Sh: 50472/ CBE327 3C-Mar-10 (Mo 217-01162) fen=11

Heterence Probe ESLS0AS M 3208 A-Apr-10 [Ma. FE3-3206_Apri Q) Apr-11

DAz She gl 16 Jun 10 (Mo, DAE4 601 Jun10) Jur 11

Secondary Slandarcs o # Chieck Dats (in houss) Schedulad Chack
Pawer sensor HP 4814 WY A1092317 18-021-02 (in house sheck Ocl-08) I house chuck: Gul-11
RF generamr MES SMT-06 TUUO0E £-Aug-88 | m house check Oct-03) In house check: Oct-11
Metworl: Analyzer HP 8753 UEATEHISAS 54208 18-0ci-01 {in house cheek Oci-03) In house cheek: Cot-10

Marr e Function 5 gnatLre
Calibrated by: Dimac llicy Labotatery Techniclan RS E
ol fl

Approved by Katjs Pokovic Tachnical Manzger //é;":g
s .
L

lsguod: August 18, 2010

This calibration certificate shall not be reproducad axcapt in full without written approval af the IRhoratnny.

Cearnificate Ma: DM1900V2-5d009_Aug10 Page 1 of 9
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Test report no.: 1-2977-08-02/11 CWMW

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, B004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'stalonnage
Servizio svizzero di taratura
Swiss Callbration Sarviee

mhaw

Accrodiied by the Swise Accraditation Servica (SAS) Accredilation No.: SCS 108
The Swisz Accreditation Service is one of the signatories to the EA
Multllateral Agreement for tha recagnition of calibration certificaes

Glossary:

TSL tissue simulating liquid

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

Callbratlon Is Performed According te the Following Standards:

a) |IEEE Sid 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specitic Absorption Rate {SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues”, December 2003

b) |EC 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 QET),
“Evaluating Compliance with FCC Guidelinas for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Fortable Devices with FCC Limits for Human Exposure tc Radicfrequency Emissions”,
Supplement C {Edition 01-01) to Bulletin 65

Additional Documentation:
d} DASY4/5 System Handbook

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

e Anlenna Pararneters with TSL: The dipole is mounted with the spacer to pesition its feed
point exactly below the center marking of the flat phanlom seclion, wilh the arms oriented
parallel to the body axis.

» Feed Point Impedance and Return Loss: These parameters are measured with the dipals
pesitioned 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
reflacted power. No uncertainty required.

s Electrical Delay: One-way delay between the SMA connector and the antenna feed point,
Mo uncertainty required.

®  SAR measurad: SAR measured at the stated antenna input power.

=  SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connectar.

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

Certificate No: D1900W2-5d0C9 Augld Page 2 of 9
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Test report no.: 1-2977-08-02/11

CETECOM

Measurement Conditions
JASY systam sonfiguration. as fa-as nof given on pege 1.

DASY Version

DA3SYE

Extrapolation

Advanced Extrapolatior

Wa2.z

Phantom
Distance Dipole Center - TEL

Modular Flat Phamom 5.0

10 mm

with Spacer

Zoom Scan Resolution

dy, dy, d7 =£ mm

Frequency

15C0 MHz = 1 M 1z

Head TSL parameters
The following parameters and caleulations were applizd.

Temperature Permittivity Conductivity

Mominal Head TSL parameters 220*C 40.0 1.40 mho'm
Measured Head TSL parameters (22.0=02)°C 403 =6 % 1.45 mho'm + A %
Head TSL temperature during test 1221 .02 °C

S5AR result with Head TSL
SAR everaged over 1em® (1 g} of Head TSL Condition
SAR measured 250 mW input power 101 miW /g
SAR nomalized namalized to W 204 mW g

SAR for nominal Head TSL parameters

narmalized fo 1W

20.0 mW /g = 17.0 % (k=2)

SAR averaged over 10 em® (10 g) of Head TSL condition
SAR measured 250 mW input power .26 mW /g
SAR normalized normalized to 1W 21.0mW /g

SAR for namiral Head TSL parameters

normalized o 1W

20.9 mW /g + 16.5 % (k=2)

Coitificale Mo: D1900V2-5d009 Augld

Pags3ofa
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Test report no.:

1-2977-08-02/11

CETECOM

Body TSL parameters

Temperature Pormittivity Conductivity
Mominal Body TSL parametets 220°C 533 1.57 mho/m
Measurcd Body TSL parameters 22002 °C 5236 % 1.50 mhaim = 6 %
Body TSL temperature during test 218+0.2)°C —_
S5AR result with Body TSL

| AR averaged over 1 em® [1 g) of Body TSL Condition
SAR measured 250 mW Input power 10.5 mW /g

| SAR normalized normelizad to 1W 420 mW /g

The fallowing parameters and calculations were applied.

SAR for nominal Body TSL paramaters

normalized to 1W

418 mW /S g £17.0 % (k=2)

SAR averaged over 10 em® (10 g) of Bady TSL candition
SAR measured 250 mWW input power 568 MW /g
SAR normalized normalized to TW 227 mW /g

SAR for reminal Bady TSL paraneters

normalized to 1W

22.6 mW /g £ 16.5 % (k=2)

Cartificate No: D1800V2-5d009_Aug10

Page 4 of 4
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Appendix

Antenna Parameters with Head TSL

Impedanze, transformed to feed point 5030 +24jQ ]
Raturn Loss -32.2dB |

Antenna Parameters with Body TSL

Impedance, ransformead tn fasd point 47,1 0 + 3.0 ji2
Return Loss -2¥.5dB

General Antenna Parameters and Design

| Electrical Dalay jone direction) 1.16" ns

Aftar long term use with 100W radiated power, cnly a slight warming of the dipale near the feedpoint can be measured.

The dipele is made of standard samingid coaxial cable. The center conductor of the feeding ling is directly connecled to the
second arm of the dipole. The antsnna is therelure shorl-cireuized for DC-signals.

Mo excassive foroe must ba applied to the dioole arms, because they might bend or the soldered connections near the
feedpoint may ke damaged.

Additional EUT Data

Manufactured by SPEAG
Manufactured on Faoruary 22, 2002
Cerlilicale Mo D1900v2-50008_AUg10 FPaga 6 of B
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CETECOM

DASY5 Validation Report for Head TSL

Date/Time: 10.08.2000 13:43:32

Test Laboratory: SPCAG, Zurich, Switzerland

DUT: Dipole 1900 MIlz; Type: D190V 2; Serial: D1900V2 - SN:5d009

Communication System: CW: Frequency: 1900 MHe: Duty Cyele: 1:1
Medium: HSL U712 BB

Medium parameters used: [ = 1900 MHz; ¢ = | 43 mho/m: g, = 40.3: p = 1000 kgfm"

Phantem section: Fla Section
Measurement Standard: DASY S (ICEEAEC/ANST CA3.19-2007)

DASYS Contiguration:

Probe: ES3DWE - SN2205; ConvF{5.049, 5.09, 5.00): Calibrated: 30.04.2010
Sensor-Surface: 3mm (Machanical Surface Detfecrion)

Electronics: DAE4 Sno01; Calibrated: 10.068.2010

Phanton: Flat Phantom 3.0 (Mrond); Type: QDOMIPA0AA; Serial: 1001
Measurement SW: DASYS2, ¥V52.2 Build 0, Version 52.2.0 (163)

Postprocessing SW. SEMCAD X, ¥V14.2 Build 2, Version 14.2.2 (1685)

Pin=230 mW /d=10mm, dist=3.0mm (ES-Probe)/Zoom Scan {(7x7x7) /Cube 0: Measurement
grid: dx=5mm, dy=5mm, dz=3mm

Reference Value = 97.3 Vim; Power Dirift = 0,027 dB
Peak SAR {extrapolated] = 18.4 Wiky

SAR(L ) = 1001 mW/g; SAR(10 g) = 5.20 mW/g
Maximum value of SAR (measured) = 12.6 mW/g

0 dB = 12.6mW/g

Cerlilicale No: D1900%2-500C9 Aug10 Page & of &
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body
Dare/Time: 17082010 15:34:28
Test Laboratory: SPFEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D900V 2; Serial: D1900V2 - SN:3d009
Communication System: CW; Frequeney: 1900 MHz; Dury Cyele: 1:1
Medium: MSL U1 BB _
Medium parameters used: f = 1900 MHz; ¢ = 1.53 mho/m; £, = 52.9; p = 1000 kg;’rrrl

Fhantom section: Flal Section
Measurement Standard: DASY S (TEEEARCYANST Ca3 . 19-2007)

DASYS Configuraticon:
«  Probe: GS3DVE  SN3205; ConvE(4.59, 4.39, 4.39%; Calibraed: 30.04.2010
= Sensor-Surface: 3mm (Mechanical Surface Detection)
o Tlecrronics: DAE4 Sn60H ;. Calibrated: 10.06,2010
= Phantom: Flat Phantom 5.0 (hack): Type: QDOOOPS0AA; Serial: 1002
= Measurement W DASYS2, V52,2 Build 0, Version 32.2.0{163)

+  Postprocessing SW: SEMCAD X, V14.2 Build 2, Version 14.2.2 (1685

Pin=250 mW /d=10mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7) /Cube 0: Measurement
arid: dx=5mm, dy=5mm, de=5mm

Refercnee Value = 98.2 Vim; Power Drift = -0.016 dB

Peak SAR (extrapolated) = 17.4 Wik

SAR(1 g) = 10.5 mW/g; SAR(10 g) = 5.68 mW/g

Maximum value of SAR {measured) = 13.3 mW/e

L]
—

4.E

128

0dB = 13.3mWig

Certificate No: D1800V2-5d00%_Aug1n Page & of &
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Impedance Measurement Plot for Body TSL

A7 fuuy 2048 0014702

511 10U Fs 4 4T.140 e  Z9EBS & 24E.83 pH 1 990,685 BEE H=z
#

D=l i

Ca o=

Fivtg
16 !

CH2 844 LOG 5 dB/ REF -28 cE 4-27.449 B 1 SE6.008 @08 HHz

Gy I . .‘—'-"_'Fr_.'
! g
1 - {\ -
| | 4 |
+ = ‘p/
Aug | 1 |
i5 i I ] I
% |
START 4 SOG.G00 068 FHz ' 5TOF 2 286,080 860 MHz
Certificate No: D1800V2-5d00%_Aug” 0 Pags 9 of 3

2011-02-16 Page 42 of 60



Test report no.: 1-2977-08-02/11 CWMW

6 Calibration report “2450 MHz System validation dipole”

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, B0D4 Zurich, Switzerland

Schweizerischer Kallbrisrdienst
Service suisse d'élalonnage
Sarvizio svizzern di taratura
Swiss Calibration Service

Accrecited by the Swiss Accraditztion Service (SASI tccreditation No.: SCS 108
The Swiss Aceraditation Servics Is ong of the signatories fo the EA
Multilateral Agreement for the recognition of calibration certificates

Client Cetecom Certificate No: [¥2450V2-710_ Aug10

(CALIBRATION CERTIFICATE

Iﬂh_iﬂr.r D2450V2 - SN 710

Calibratior procedurais) QA CAL-DB w7
Calibration pracedure for dipole validation kits

Cakbraltion dats: August 18, 2010

This calibrafion certificate documants the traceability to national standords, which real ze the physical units of measurements (S1)
The measurerernts and the uncertaintizs with condence probabilily are ghven on thie following peges ard are part of the certiflcate.

All calibraiions have been conducted In the closed laboramory facility: environment tamperatuse (22 + 3)°C and bomidity < 70% .

Callbraticn Equipmant used {MATE oritical fior calibration)

Privnary Slandar:ls D= Cal Date [Certificate Mo ) Schedulad Celibration
Power mater SPM-1124 GE37AR07C4 06-0ct-02 (Mo, 217-01085) Oet10
Power sensar HP 84818 U33arzoezyas 06-Cot-093 (Mo, 217-01083) Qat-10
Referenca 2 dB Attenuztor S 5086 {200) 30-Mar-10 {Ma. 217-01158) Mar-11
Type-N mismaich combinaten SH: B047.2 ) 05327 F-Mar-10 Mo, 217-01162) Mar-11
Refzrence Frobe E3300W3 SM: 3209 -0 (e, ESA-A205_Apc10) Apr-11
DAE4 SH: S0 0= lre10 Mo, DAEL-B0T_Juntd} Jun-11
Sacondary Standards og Check Cate (in house) ) Schadulad Check
Povrer sansor HE 84814 [AY41 082517 18-0at-02 (in ouse check Qct-CE) I house chack: Ool-11
RF generatar R&S SMT-06 | 100005 4-Aug-Y4 (in housa crack De-08) In hnuse check: Dat-11
Matwaork Analvzer HP 3753 UIS37300585 S4208 18-Oct-01 {in house cheok Qct 0F) In hzuse sheck: Oat-10

Marne Furnction Signalurc 5
Calibrated oy: Jdeton Kasbali Labcraiony Techniclan 2 5

(-——— .u' e, I
Approved by: Katja Pakawv'c Techkrical Wanager ll T 74‘{?.
‘_ﬁ;ﬂ:_—.» i)

IasLed: August 19, 23110

Thiz calibrztion certificate shall nct be raproduced axcept in full without written aperoval of the aboratory.

Cartificate No: D2450W2-710 Aug”Q Page 1 af 9
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, B004 Zurich, Switzarland

] Schweizerischer Kalibrierdienst
Bervice suisse d'élalonnage

C Bervizio svizzero di taratura

5 Swiss Calibration Service

Acoredited by the Swiss Accrediialion Savige (SAS) Accreditation No.; 9C5 108
Tha Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y.z
N/A nol 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”, Decamber 2003

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

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

Additional Documentation:
d) DASY4/5 Syslem Handbook

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

+ Antenna Parameters with TSL: The dipole is mounted with the spacer to position iis 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 impadance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

= Flectrical Delay: One-way dclay between the SMA connector and the antenna feed point.
No uncertainty required.

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

¢ SAR normaiized: SAR as measured, normalized to an input power of 1 W at the antenna
connector,

s SAR for nominal TSL parameters: The measured TSL parametars are used to calculata the
nominal 3AR result.

Cerificatz No: D2450V2-T10_Aug10 Page 20l 9
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CETECOM

Msasurement Conditions

DASY system conflguralion, as far as not given on page 1.

| DASY Varsion

DASYS

WhilZ

Extrapclation

Advanced Cxirapolation

Fhantom

Medular Flat Phantom V5.0

Distance Dipole Center - TSL

10 mm

wilh Soaner

Zoom Scan Resolution

cx, dy, dz =5 mm

Freguency 2430 MHz £ 1 MHz

Head TEL parameters
The lollowng parameatets and calculalions wera applied.
Tamperature Parmittivity Conductivity

Neminal Head TSL parameters 220%C 38.2 1.80 mhwim

Measured Head TSL parameters (220022 R 1,77 mhoim £ 6 %

Head TSL temperature during test (226 +0.2)°C ——— —
SAR result with Head TSL

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

5AR measured 280 m\V input power 12.8mW g

SAR normalized narmallzed to 1V 51.2mW ! g

SAR for nominal Head TSL parameters

narmalized to 1W

51.6 mW /g £17.0 % (k=2)

SAR averagad over 10 cm” (10 g) of Head TSL

SAR measured

SAR normal zed

condition
250 mWW input power E.03 mi S g
normalized 1o 1W Ze1mW g

SAR far naminal Head TSL parameters

normalized to 1W

242 mW /g £ 16.5 % (k=2)

Cerificate Mo: D2450V2-710_Aug1C

Page 3 of 8
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Body TSL parameters
The lollowing parameters and calculalions were applied.

T

Temperature Permittivity Conductivity
Nominal Eody TSL paramaters 220°C R2.7 1.85 mhgdm
Measured Body TSL parameters {(220+02)°C 523+8% 1.95 mho/m £6 %
Body TSL temperalure during test {22.5202)°C

SAR result with Body TSL

SAR averaged over 1 em’ {1 g) of Body TSL Ceondition
SAR measurad 280 mWW input power 12.6 mit /g
SAR nomalized normalized to 1w SAAamiv /g

SAR for nominal Body TSL narameters

narmalized to 1W

54.4 mW | g £ 17.0 % (k=2)

SAR averaged over 10 cm® {10 g) of Body TSL

conditian

3AR measured

AR normalized

250 mW input power

nomnalized to 1W

B.47 MW /g

288mW/¢c

SAR for nominal Body TSL parameters

nomnalized lo 1W

25.9 mW ! g £ 1B.5 % (k=2)

Certificate No: D2450V2-T10 Aug10
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Appendix

Antenna Parameters with Head TSL

| Impedance, transformed to feed point £3.00-040

[ Return | oss -307 4B

Antenna Parameters with Body TSL

Impadance, transformed to foed point 4570 L1300

Return Loss - 346 dB

General Antenna Parameters and Design

Elzctrical Delay {ene direction) 1,128 15

After long tarm use with 100W raciated power, only a slight warming ef the dipole near the tezdpoint can be measured.

The dipole is made of standard semirigid coaxial cable. The cenler cunduclor of the feeding line is diractly cornectad o the
sacond arm of the cipole. The artenna is tharefors shorl-cireuited for DC-signals,

No excessive force must be applied to the dipole arms, because they might ba~d or the soldered conneclions near the
feedpoint may be damzged.

Additional EUT Data

Manufactured by | SPEAG
Manufacturec an July 08, 2002
Cerdfcate No: D2450V2-T10_Aug 10 Page S of 8
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DASYS Validation Report for Head TSL

Date'Time: 11082010 13:11:39

Tesl Laboratory: SPEAG, Zurich, Switzerland

DIUIT: Dvipole 2450 MHz: Type: N2450%2; Serial: D450V - SN:710)

Conununication System: CW; Frequency: 2450 Mz, Duty Cyele: 1:1
Medium: HSL U12 BB

Medium perameters used: £— 2450 MHz;, o — 1.77 mho/m; ¢ — 39.1; p— 1000 l{g-"m?'

Phantom section: Flat Section
Measurement Standard: DASYS (TREEE/ATCAANST C63.19-2007)

DASY S Conliguralion;

Probe; ES3DVA - BN3205; ConwF (4.53, 4.533, 4.33); Celibrated: 30002010
Sensor-Surface: mm (Meckanicz] Surface Detection)

Elecironics; DAEAD Sne01; Calibrated: 100062000

Phartoon: Flat Phantom 5.0 (font); Type: QDOBOPS0A A, Serial: 1001
Ideaguramanrt SW: DASYSE, V2.2 Hulld U, Wersion 524200 (163)

Postprocessing 5W: SCMCAD X, W14.2 Duild 2, Version 14.2,2 {1685)

Pin=250 mW /d=10mm, dist=3.0mm (ES-Frobe)/Zoom Scan (7x7x7)/Cube 0: Measurement
grid: dx=3mm, dy=5mm, dz=5mm

Eeference Value = 100.3 Vang Power Drift = (.035 dB
Peak SAR (extrapolated) = 26 Wikg

SAR(1 2) = 12.8 mW/g; SAR(10 g) = 6.03 mW/g
Maximum valuc of SAR (measured) = 16.5 mWiyg

EH

k)

0dB - 16.5mWig

Certificate No: D2450V2-770_Aug10 Paga & of 9
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body

Dale/Time: 19.08.2010 10:18:08
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:710

Comununication System: CW: Frequency: 2450 MHz: Duty Cvele: 1:1

Medium: MSL 1T BB

Medium parameters used: ['= 2450 MHz: 6 = 1.94 mho/m: & = 52.3: p = 1000 kg/m’
Fhantom section: Flal Section

Measurerment Standard: DASYS (IFFFARC/ ANST Cp3.19-2007)

DASYS Conliguration:
s Probe: ESIDVE - SN3205; Comvlid.31, 431, 431 Calibrated. 30.04.2010
&8 Sensor-Surfhiee: Fram (Mechanical Surface Detection)
= Blectronics: DA Sn601; Calibrated; 10.06.2010
* Phandesn: Flal Phantom 3.0 Check): Tvpe: Q000P30A 4 Serial; 1002
= deasurement SW: DASYSZ VEDD Build 0, Version 32.2.0 (163)

= Postproccssing $W: SEMOCAD X V14,2 Build 2, Versien 14.2.2 (1635}

Pin250 mW/d=10mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7)/Cube 0: Measurement grid:
dx=>mm, dy=>5mm, dz=5mm

Reference Value = 98.5 Viny Power Drift = -0.00803 dB

Peak SAR (extrapolated) = 28.1 Wik

SAR( g) =136 mW/g: SAR(10 ¢) = 6.47 mW/yg

Maximum value of SAR (measured) = 17.9 mWig

25

0dB = 17 9mWig

Certificane Moz D2450W2-710_Aug10 Page & ol 9
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Impedance Measurement Plot for Body TSL
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7

Calibration certificate of Data Acquisition Unit (DAE)

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

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

Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Muiltilateral Agreement for the recognition of calibration certificates

Calibration procedure(s)

Calibration date:

This calibration certificate documents the traceability to national standards, which realize the physical units of its (S1).
The measurements and the uncertainties with confidence probability are given on the following pages and are part of the certificate.

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

Calibration Equipment used (M&TE critical for calibration)

Schweizerischer Kalibrierdienst

Primary Standards D # Cal Date (Certificate No.) Scheduled Calibration

Keithley Multimeter Type 2001 SN: 0810278 28-Sep-10 (No:10376) Sep-11

Secondary Standards ID# Check Date (in house) Scheduled Check

Calibrator Box V1.1 SE UMS 006 AB 1004 07-Jun-10 (in house check) In house check: Jun-11
Name Function Signature

Calibrated by:

Approved by:

Issued: January 13, 2011

This calibration certificate shall not be reproduced except in full without written appi | of the lab Y

Certificate No: DAE3-413_Jan11 Page 10of 5
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8  Calibration certificate of Data Acquisition Unit (DAE)

Calibration Laboratory of SN, S Schweizerisoher Kalibrierdienst
Schmid & Partner S c Service sulsse d'étalennage

Engineering AG '-,;,..}_:—-u._‘x? Servizio svizzero di taraturg
Zeughausstrasse 43, 2004 Zurich, Switzerland e {’; ﬁ:‘«‘;@‘ S swiss Callbration Service
Acvradiled by the S ss Acuradilaiun Sevice (SAS) Accreditaton No.: SCS 108

The Swiss Accraditation Service i3 one of the slgnatorles to the E&
Multllataral Agresment for the recognition af calibration certificates

Cliemt CETECOM Certificate No: DAE3-477 May10
CALIBRATION CERTIFICATE

Objuct DAES - SD 000 D03 AA - SN: 477

Galioration procedurs(s) QA CAL-06.v21
Calibration procedure for the data acquisition electronics (DAE)

Calibretion data; May 7, 2010

This calibration certificate documents the racsabil ty to national standards, which raalize the physical units of measurements (219,
e measuremants ard e uncertzirties with conficence probahility are given on the foliowing pages and are part of the certilizata.

All calibrations have bean conducted in the closad labaaloy facilily: srwircoment emperature (22 + 3)°C and hurmicity = 709%,

Calibration Equipment usad (METE crilical fur calibration)

Priniary Slaidands D # Cal Date (Cortificats Mo ___ Schedulad Calibration

Kailllay Mullrmelar Type 2001 She 2810278 1-0z-09 (Mo 906S) Qct-10

Sacardary Stardards O # _ Chesk Mate (in hause) Seheduled Check

Calibratzr Dox W11 SE UMS 006 AB 1004 05-Jun-05 (i1 house chack) 1 house chack: Jun-10
Nama Furction Signaturs

Callbratad Lay: Daminigue Staffen Techniclan ;h i@%

| approvad by: ERBamrel R&D Direcior y 'l:g? Q}LUJ' i
1 - . L

lssued: May 7. 2210

This cal bralun cerlificais shall nol ba reproduzed except in full without writen approval of the laboratory.

Cartilicatz No: DAE3-477_May1C Page 1 of 5
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9 Certificate of “SAM Twin Phantom V4.0/V4.0C"

En

Schmid & Partner
gineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland, Phone +41 1 245 97 00, Fax +41 1 245 97 79

Certificate of conformity / First Article Inspection

Item SAM Twin Phantom V4.0
Type No QD 000 P40 BA

Series No TP-1002 and higher
Manufacturer / Origin Untersee Composites

Hauptstr. 69
CH-8559 Fruthwilen
Switzerland

Tests

The series production process used allows the limitation to test of first articles.

Complete tests were made on the pre-series Type No. QD 000 P40 AA, Serial No. TP-1001 and on the
series first article Type No. QD 000 P40 BA, Serial No. TP-1006. Certain parameters have been retested
using further series units (called sampies).

Test Requirement Details Units tested

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

Material thickness | Compliant with the requirements 2mm +/- 0.2mm in First article,
according to the standards specific areas Samples

Material Dielectric parameters for required 200 MHz -3 GHz Material

parameters frequencies Relative permittivity <5 | sample

Loss tangent < 0.05. TP 104-5

Material resistivity | The material has been tested to be Liquid type HSL 1800 Pre-series,
compatible with the liquids defined in | and others according to | First article
the standards the standard.

Standards

[1] CENELEC EN 50361

[2] IEEE P1528-200x draft 6.5

[3] 1EC PT 62209 draft 0.9

(*) The IT'IS CAD file is derived from [2] and is also within the tolerance requirements of the shapes of
[1] and [3].

Conformity

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

Date 18.11.2001

/ . v g2 7
LS senmid & partner T Sl
Signature / Stamp Engineering AG

Zeughausstrasse 43, CH-8004 Zurich
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10 Application Note System Performance Check

10.1 Purpose of system performance check

The system performance check verifies that the system operates within its specifications. System and
operator errors can be detected and corrected. It is recommended that the system performance check is
performed prior to any usage of the system in order to guarantee reproducible results.

The measurement of the Specific Absorption Rate (SAR) is a complicated task and the result depends on
the proper functioning of many components and the correct settings of many parameters. Faulty results due
to drift, failures or incorrect parameters might not be recognized, since they often look similar in distribution
to the correct ones. The Dosimetric Assessment System DASY4 incorporates a system performance check
procedure to test the proper functioning of the system. The system performance check uses normal SAR
measurements in a simplified setup (the flat section of the SAM Twin Phantom) with a well characterized
source (a matched dipole at a specified distance). This setup was selected to give a high sensitivity to all
parameters that might fail or vary over time (e.g., probe, liquid parameters, and software settings) and a low
sensitivity to external effects inherent in the system (e.g., positioning uncertainty of the device holder). The
system performance check does not replace the calibration of the components. The accuracy of the system
performance check is not sufficient for calibration purposes. It is possible to calculate the field quite
accurately in this simple setup; however, due to the open field situation some factors (e.g., laboratory
reflections) cannot be accounted for. Calibrations in the flat phantom are possible with transfer calibration
methods, using either temperature probes or calibrated E-field probes. The system performance check also
does not test the system performance for arbitrary field situations encountered during real measurements of
mobile phones. These checks are performed at SPEAG by testing the components under various conditions
(e.g., spherical isotropy measurements in liquid, linearity measurements, temperature variations, etc.), the
results of which are used for an error estimation of the system. The system performance check will indicate
situations where the system uncertainty is exceeded due to drift or failure.

10.2 System Performance check procedure

Preparation

The conductivity should be measured before the validation and the measured liquid parameters must be
entered in the software. If the measured values differ from targeted values in the dipole document, the liquid
composition should be adjusted. If the validation is performed with slightly different (measured) liquid
parameters, the expected SAR will also be different. See the application note about SAR sensitivities for an
estimate of possible SAR deviations. Note that the liquid parameters are temperature dependent with
approximately — 0.5% decrease in permittivity and + 1% increase in conductivity for a temperature decrease
of 1° C. The dipole must be placed beneath the flat phantom section of the Generic Twin Phantom with the
correct distance holder in place. The distance holder should touch the phantom surface with a light pressure
at the reference marking (little hole) and be oriented parallel to the long side of the phantom. Accurate
positioning is not necessary, since the system will search for the peak SAR location, except that the dipole
arms should be parallel to the surface. The device holder for mobile phones can be left in place but should
be rotated away from the dipole. The forward power into the dipole at the dipole SMA connector should be
determined as accurately as possible. See section 4 for a description of the recommended setup to measure
the dipole input power. The actual dipole input power level can be between 20mW and several watts. The
result can later be normalized to any power level. It is strongly recommended to note the actually used power
level in the ,comment“-window of the measurement file; otherwise you loose this crucial information for later
reference.
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System Performance Check

The DASY4 installation includes predefined files with recommended procedures for measurements and
validation. They are read-only document files and destined as fully defined but unmeasured masks, so you
must save the finished validation under a different name. The validation document requires the Generic Twin
Phantom, so this phantom must be properly installed in your system. (You can create your own
measurement procedures by opening a new document or editing an existing document file). Before you start
the validation, you just have to tell the system with which components (probe, medium, and device) you are
performing the validation; the system will take care of all parameters. After the validation, which will take
about 20 minutes, the results of each task are displayed in the document window. Selecting all measured
tasks and opening the predefined “validation” graphic format displays all necessary information for validation.
A description of the different measurement tasks in the predefined document is given below, together with
the information that can be deduced from their results:

+ The ,reference” and ,drift* measurements are located at the beginning and end of the batch process.
They measure the field drift at one single point in the liquid over the complete procedure. The indicated
drift is mainly the variation of the amplifier output power. If it is too high (above + 0.1dB) the validation
should be repeated; some amplifiers have very high drift during warm-up. A stable amplifier gives drift
results in the DASY4 system below + 0.02 dB.

+ The ,surface check” measurement tests the optical surface detection system of the DASY4 system by
repeatedly detecting the surface with the optical and mechanical surface detector and comparing the
results. The output gives the detecting heights of both systems, the difference between the two systems
and the standard deviation of the detection repeatability. Air bubbles or refraction in the liquid due to
separation of the sugar-water mixture gives poor repeatability (above + 0.1mm). In that case it is better
to abort the validation and stir the liquid. The difference between the optical surface detection and the
actual surface depends on the probe and is specified with each probe. (It does not depend on the
surface reflectivity or the probe angle to the surface within + 30°.) However, varying breaking indices of
different liquid compositions might also influence the distance. If the indicated difference varies from the
actual setting, the probe parameter ,optical surface distance® should be changed in the probe settings
(see manual). For more information see the application note about SAR evaluation.

+ The ,area scan“ measures the SAR above the dipole on a parallel plane to the surface. It is used to
locate the approximate location of the peak SAR with 2D spline interpolation. The proposed scan uses
large grid spacing for faster measurement; due to the symmetric field the peak detection is reliable. If a
finer graphic is desired, the grid spacing can be reduced. Grid spacing and orientation have no influence
on the SAR result.

» The zoom scan job measures the field in a volume around the peak SAR value assessed in the previous
.area“ scan (for more information see the application note on SAR evaluation).

If the validation measurements give reasonable results, the peak 1g and 10g spatial SAR values averaged
between the two cubes and normalized to 1W dipole input power give the reference data for comparisons.
The next section analyzes the expected uncertainties of these values. Section 6 describes some additional
checks for further information or troubleshooting.

10.3 Uncertainty Budget

Please note that in the following Tables, the tolerance of the following uncertainty components depends on
the actual equipment and setup at the user location and need to be either assessed or verified on-site by the
end user of the DASY4 system:

* RF ambient conditions

* Dipole Axis to Liquid Distance

* Input power and SAR drift measurement

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

Note: All errors are given in percent of SAR, so 0.1 dB corresponds to 2.3%. The field error would be half of
that. The liquid parameter assessment give the targeted values from the dipole document. All errors are
given in percent of SAR, so 0.1dB corresponds to 2.3%. The field error would be half of that.
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System validation

In the table below, the system validation uncertainty with respect to the analytically assessed SAR
value of a dipole source as given in the P1528 standard is given. This uncertainty is smaller than

the expected uncertainty for mobile phone measurements due to the simplified setup and the
symmetric field distribution.

Error Sources Uncertainty | Probability Divi- | ¢ Ci Standard Standard Vi
Value Distribution |[sor |1g 10g |Uncertainty |Uncertainty |or
19 109 Vef
Measurement System
Probe calibration +4.8% Normal 1 1 1 +4.8% +4.8% 0
Axial isotropy +4.7% Rectangular [V3 [0.7 [0.7 [+1.9% +1.9% 0
Hemispherical isotropy 1+ 0.0% Rectangular [V3 [0.7 [0.7 [+0.0% +3.9% 0
Boundary effects +1.0% Rectangular [V3 [1 1 1+ 0.6% 1+ 0.6% ©
Probe linearity +4.7% Rectangular [V3 |1 1 +2.7% +2.7% 0
System detection limits +1.0% Rectangular [V3 |1 1 +0.6% +0.6% 0
Readout electronics £1.0% Normal 1 1 1 +1.0% +1.0% ©
Response time 1 0.0% Rectangular [V3 |1 1 1+ 0.0% 1+ 0.0% ©
Integration time 1+ 0.0% Rectangular [V3 [1 1 1+ 0.0% 1+ 0.0% ©
RF ambient conditions +3.0% Rectangular [V3 |1 1 +1.7% +1.7% %0
Probe positioner +0.4% Rectangular [V3 |1 1 +0.2% +0.2% 0
Probe positioning +2.9% Rectangular [V3 |1 1 +1.7% +1.7% 0
Max. SAR evaluation +1.0% Rectangular [V3 |1 1 +0.6% +0.6% 0
Test Sample Related
Dipole axis to liquid 12.0% Normal 1 1 1 +1.2% +1.2% 0
distance
Power drift +4.7% Rectangular [V3 [1 1 +2.7% +2.7% 0
Phantom and Set-up
Phantom uncertainty +4.0% Rectangular [V3 [1 1 +2.3% +2.3% ©
Liquid conductivity (target) |+ 5.0% Rectangular [V3 [0.64 [0.43 [+ 1.8% +1.2% 0
Liquid conductivity (meas.) |+ 2.5% Normal 1 0.64 |0.43 |+1.6% +1.1% ©
Liquid permittivity (target) |+ 5.0% Rectangular [V3 [0.6 [0.49 [+1.7% +1.4% 0
Liquid permittivity (meas.) |+ 2.5% Normal 1 06 |0.49 |+1.5% +1.2% 0
Combined Uncertainty + 8.4% +8.1%
Expanded Std. +16.8% +16.2%

Uncertainty
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Performance check repeatability

The repeatability check of the validation is insensitive to external effects and gives an indication of the

variations in the DASY4 measurement system, provided that the same power reading setup is used for all

validations. The repeatability estimate is given in the following table:

Error Sources Uncertainty | Probability Divi- | ¢ Ci Standard Standard \
Value Distribution |[sor |1g 10g |Uncertainty |Uncertainty |or
19 109 Vef
Measurement System
Probe calibration +4.8% Normal 1 1 1 0 0 0
Axial isotropy +4.7% Rectangular [V3 [0.7 [0.7 [0 0 %0
Hemispherical isotropy 1+ 0.0% Rectangular [Vv3 [0.7 [0.7 |0 0 0
Boundary effects +1.0% Rectangular [V3 [1 1 0 0 ©
Probe linearity +4.7% Rectangular [V3 |1 1 0 0 %0
System detection limits +1.0% Rectangular [V3 |1 1 0 0 0
Readout electronics £1.0% Normal 1 1 1 0 0 ©
Response time 1 0.0% Rectangular [V3 |1 1 0 0 ©
Integration time +0.0% Rectangular [V3 |1 1 0 0 5
RF ambient conditions + 3.0% Rectangular [V3 |1 1 0 0 0
Probe positioner 1+ 0.4% Rectangular [V3 |1 1 0 0 ©
Probe positioning +2.9% Rectangular [V3 |1 1 0 0 0
Max. SAR evaluation +1.0% Rectangular [V3 |1 1 0 0 0
Test Sample Related
Dipole axis to liquid 12.0% Normal 1 1 1 +1.2% +1.2% 0
distance
Power drift +4.7% Rectangular [V3 [1 1 +2.7% +2.7% 0
Phantom and Set-up
Phantom uncertainty +4.0% Rectangular [V3 [1 1 +2.3% +2.3% ©
Liquid conductivity (target) |+ 5.0% Rectangular [V3 [0.64 [0.43 [+ 1.8% +1.2% 0
Liquid conductivity (meas.) |+ 2.5% Normal 1 0.64 |0.43 |+1.6% +1.1% ©
Liquid permittivity (target) |+5.0% Rectangular [V3 [0.6 [0.49 [+1.7% +1.4% 0
Liquid permittivity (meas.) |+2.5% Normal 1 06 |0.49 |+1.5% +1.2% 0
Combined Uncertainty +5.3% +4.9%
Expanded Std. +10.6% +9.7%

Uncertainty

The expected repeatability deviation is low. Excessive drift (e.g., drift in liquid parameters), partial system

failures or incorrect parameter settings (e.g., wrong probe or device settings) will lead to unexpectedly high
repeatability deviations. The repeatability gives an indication that the system operates within its initial
specifications. Excessive drift, system failure and operator errors are easily detected.
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10.4 Power set-up for validation

The uncertainty of the dipole input power is a significant contribution to the absolute uncertainty and the
expected deviation in interlaboratory comparisons. The values in Section 2 for a typical and a sophisticated
setup are just average values. Refer to the manual of the power meter and the detector head for the
evaluation of the uncertainty in your system. The uncertainty also depends on the source matching and the
general setup. Below follows the description of a recommended setup and procedures to increase the
accuracy of the power reading:

dir.
. 3dB v
Signal Low cable
Generator Pass 1 —— : } @
Att3
Att2 |;
S @
Attl

&) —=
Dipole

The figure shows the recommended setup. The PM1 (incl. Att1) measures the forward power at the location
of the validation dipole connector. The signal generator is adjusted for the desired forward power at the
dipole connector and the power meter PM2 is read at that level. After connecting the cable to the dipole, the
signal generator is readjusted for the same reading at power meter PM2. If the signal generator does not
allow a setting in 0.01dB steps, the remaining difference at PM2 must be noted and considered in the
normalization of the validation results. The requirements for the components are:

+ The signal generator and amplifier should be stable (after warm-up). The forward power to the dipole
should be above 10mW to avoid the influence of measurement noise. If the signal generator can deliver
15dBm or more, an amplifier is not necessary. Some high power amplifiers should not be operated at a
level far below their maximum output power level (e.g. a 100W power amplifier operated at 250mW
output can be quite noisy). An attenuator between the signal generator and amplifier is recommended to
protect the amplifier input.

+ The low pass filter after the amplifier reduces the effect of harmonics and noise from the amplifier. For
most amplifiers in normal operation the filter is not necessary.

+ The attenuator after the amplifier improves the source matching and the accuracy of the power head.
(See power meter manual.) It can also be used also to make the amplifier operate at its optimal output
level for noise and stability. In a setup without directional coupler, this attenuator should be at least
10dB.

+ The directional coupler (recommended * 20dB) is used to monitor the forward power and adjust the
signal generator output for constant forward power. A medium quality coupler is sufficient because the
loads (dipole and power head) are well matched. (If the setup is used for reflective loads, a high quality
coupler with respect to directivity and output matching is necessary to avoid additional errors.)

* The power meter PM2 should have a low drift and a resolution of 0.01dBm, but otherwise its accuracy
has no impact on the power setting. Calibration is not required.

» The cable between the coupler and dipole must be of high quality, without large attenuation and phase
changes when it is moved. Otherwise, the power meter head PM1 should be brought to the location of
the dipole for measuring.

+ The power meter PM1 and attenuator Att1 must be high quality components. They should be calibrated,
preferably together. The attenuator (310dB) improves the accuracy of the power reading. (Some higher
power heads come with a built-in calibrated attenuator.) The exact attenuation of the attenuator at the
frequency used must be known; many attenuators are up to 0.2dB off from the specified value.
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* Use the same power level for the power setup with power meter PM1 as for the actual measurement to
avoid linearity and range switching errors in the power meter PM2. If the validation is performed at
various power levels, do the power setting procedure at each level.

* The dipole must be connected directly to the cable at location “X”. If the power meter has a different
connector system, use high quality couplers. Preferably, use the couplers at the attenuator Att1 and
calibrate the attenuator with the coupler.

* Always remember: We are measuring power, so 1% is equivalent to 0.04dB.

10.5 Laboratory reflection

In near-field situations, the absorption is predominantly caused by induction effects from the magnetic near-
field. The absorption from reflected fields in the laboratory is negligible. On the other hand, the magnetic field
around the dipole depends on the currents and therefore on the feed point impedance. The feed point
impedance of the dipole is mainly determined from the proximity of the absorbing phantom, but reflections in
the laboratory can change the impedance slightly. A 1% increase in the real part of the feed point impedance
will produce approximately a 1% decrease in the SAR for the same forward power. The possible influence of
laboratory reflections should be investigated during installation. The validation setup is suitable for this
check, since the validation is sensitive to laboratory reflections. The same tests can be performed with a
mobile phone, but most phones are less sensitive to reflections due to the shorter distance to the phantom.
The fastest way to check for reflection effects is to position the probe in the phantom above the feed point
and start a continuous field measurement in the DASY4 multi-meter window. Placing absorbers in front of
possible reflectors (e.g. on the ground near the dipole or in front of a metallic robot socket) will reveal their
influence immediately. A 10dB absorber (e.g. ferrite tiles or flat absorber mats) is probably sufficient, as the
influence of the reflections is small anyway. If you place the absorber too near the dipole, the absorber itself
will interact with the reactive near-field. Instead of measuring the SAR, it is also possible to monitor the
dipole impedance with a network analyzer for reflection effects. The network analyzer must be calibrated at
the SMA connector and the electrical delay (two times the forward delay in the dipole document) must be set
in the NWA for comparisons with the reflection data in the dipole document. If the absorber has a significant
influence on the results, the absorber should be left in place for validation or measurements. The reference
data in the dipole document are produced in a low reflection environment.

10.6 Additional system checks

While the validation gives a good check of the DASY4 system components, it does not include all
parameters necessary for real phone measurements (e.g. device modulation or device positioning). For
system validation (repeatability) or comparisons between laboratories a reference device can be useful. This
can be any mobile phone with a stable output power (preferably a device whose output power can be set
through the keyboard). For comparisons, the same device should be sent around, since the SAR variations
between samples can be large. Several measurement possibilities in the DASY software allow additional
tests of the performance of the DASY system and components. These tests can be useful to localize
component failures:

» The validation can be performed at different power levels to check the noise level or the correct
compensation of the diode compression in the probe.

+ If a pulsed signal with high peak power levels is fed to the dipole, the performance of the diode
compression compensation can be tested. The correct crest factor parameter in the DASY software must
be set (see manual). The system should give the same SAR output for the same averaged input power.

+ The probe isotropy can be checked with a 1D-probe rotation scan above the feed point. The automatic
probe alignment procedure must be passed through for accurate probe rotation movements (optional
DASY4 feature with a robot-mounted light beam unit). Otherwise the probe tip might move on a small
circle during rotation, producing some additional isotropy errors in gradient fields.
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