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Calibration report “Probe ET3DV6”

18]y

Calibration Laboratory of ;

"I

5

v Foaxri Schwaizarischor Kalibeiordionst
Schmid & Partner iy Service suisss d'italonnage
Enginaaring AG ey Servizio svizzera dl tarstura

Zoughausstrasss 43, 8004 Zurich, Switzeriand m;«‘ Swiss Calibration Sorvice
Accradited by the Swiss Accrecilation Service (SA5) Accreditation Mot SCS 108

Tha Swiss Accreditation Service is one of the signatories to the EA

Bluiltilateral Ag it for the recognitien of calibration carificates

cliert  Cetocom Cortificate No: ET3-1559 Janid
CALIBRATION CERTIFICATE

Olject ET3DVE - SN:1559

Calitsratin prossduis(s) 04 CAL-01WT, QA G‘.H_;L-fz.vﬁ,_m CAL-23.v4 and QA CAL-25.v3

Calibration procedure for dosimetric E-field probes

Calibration date January 18, 2011

Thie calbration cerlificabe documents ihe imceabdity bo natbonal siandands, which reakee the physical units of measurements (51
The measurements and the uncartainties with conSidance probabdity ane gren on the lollowsng pages and ane par of the cerlificate.

All calibrabons have bean conducid o e closed laboratory Iscility: emaonmenl lemperatune (22 & 3)°C and humidity < 70%,

Calibration Equipmen] used (MATE critical for calbration)

IPrimary Standards |ioe . Cal Date (Certilicate No.j Echeduled Calibration

Power meler E44158 GB41283374 1=Apr10 (Ma. 217-01135) Apr-11

Power sensor C44124 WY 41405277 1-Ape-10 (Ma. 20701 128} Apr-11

Power sersor E44124 41498087 1=Apr=10 {ha. 21701135y Apr-11

Raferanos 3 d8 Aftenuatar SN S5054 (3c) 30-Mar-10 (Mo, 217-01159) Kar-11

Reference 20 G AReruaior 5SN: 55088 (20b) A0-Mar-10 (Ma. 217-01181) Mar-11

Rafarencs 30 8 Alomalon S 55120 (10b) 30-Mar-10 (Mo, 217-01180) Mar-11

Reference Frobs ES3DV2 Sh: 3013 20-Dnc-10 (Mo, ES3-3013_Doc0) D11

DaEq SN B80 20-Ape-10 (Mo DAES-GED Apeld) Apr-11

Sacendary Siandarda o] ] Chack Dwie (in house) Scheduled Chack

RF germratar HE 85250 US3B42U01T00 4-hug-28 {in housa chack 0.03) In heotesa ehch: Oct-11

Mebwark Anabizer HP 8753 LIS3TAn0Eas 18-0cl-01 {in house check Oct-10) In house check: Os-11
Marms Function Signature

Caliirased by Jeton Kasmat Labaratory Techaisian /{,‘ -

Approved by Kalja Pokpinc Tachnical Manager ‘m
- —

Issued: Januany 20, 2011

This calibration canificate shall rot be reproduced axcept in full without witien apgroval of The laboratory.

Cenificate Noc ET3-1559_Jan11 Page 1 of 11
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Calibration Laboratory of \‘“\‘&""/‘, §  Schweizerischer Kalibrierdienst
Schmid & Partner i';.\\\\_és/% Service suisse d'étalonnage
Engineering AG B c Servizio svizzero di taratura
Zeughausstrasse 43, 83004 Zurich, Switzerland {’f,/ /’Tf;\‘\\“\\‘\\‘ S Sswiss Calibration Service
riidy
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is one of the signatories to the EA
Muititateral 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 point
CF crest factor (1/duty_cycle) of the RF signal
A, B, C modulation dependent linearization parameters
Polarization ¢ o rotation around probe axis
Polarization $ $ rotation around an axis that is in the plane normal to probe axis (at measurement center),

i.e., 8 = 0is 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
Technigues”, December 2003

by IEC 62208-1, “Procedure to measure the Specific Absorption Rate (SAR) for hand-held devices used in close

proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

NORMx,y,z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz: R22 waveguide).
NORMX,y,z are only intermediate values, i.e., the uncertainties of NORMx,y,z does not effect the E2-field
uncertainty inside TSL (see below ConvF).

NORM()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 with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

Ax,y,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.

Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using a flat phantomn
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
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ET3DV6 SN:1559 January 19, 2011

Probe ET3DVO6

SN:1559

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

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASYZ2 system[}

Certificate No: ET3-1559_Jan11 Page 3 of 11

Page 5 of 29




Annex E to Test report no.: 1-3239/11-02-02 CErEcOMm

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 |+101%
DCP (mv)° 96.8 97.6 96.3

Modulation Calibration Parameters

uiD Communication System Name PAR| A B c VR UncF
dB dBuv mv (k=2)
10000 CwW 0.00 X 0.00 0.00 1.00] 132.1 +2.9%
Y .00 0.00 1.00] 137.8
Z 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).
8 Numerical linearization parameter. unceriainty not required.

E Uncertainty is determined using the maximurn 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
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ET3DV6 SN:1559 January 19, 2011

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

Calibration Parameter Determined in Head Tissue Simulating Media

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/ 100 415+ 5% 0.90 + 5% 6.33 6.33 6.33 0.25 3.00 £11.0%
900 +50/% 100 41.55% 0.97 £ 5% 6.20 6.20 6.20 0.26 3.00 £11.0%
1750 +50/£100 40.1 5% 1.37 £ 5% 6.28 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 RES of the ConvF uncertainty at calibration frequency

and the uncertainty for the indicated frequency band,

Certificate No: ET3-1559_Jan11 Page 5 of 11
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ET3DV6 SN:1559 January 19, 2011

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

Calibration Parameter Determined in Body Tissue Simulating Media

f [MHZ} Validity [MHz]° Permittivity Conductivity ConvFX ConvFY ConvFZ Alpha Depth Unc {k=2)
450 +50/=100 56.7 £5% 0.94 £5% 7.73 773 7.73 0.12 2.07 +13.3%
835 + 50/ + 100 552 +5% 0.97 £5% 6.22 6.22 6.22 0.25 298 £11.0%
800 + 50/ + 100 55.0+5% 1.05 £5% 6.10 6.10 6.10 0.29 287 +11.0%
1750 +50/+100 53.4 £ 5% 1.49 £ 5% 4.68 4.68 4.68 0.79 239 +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% 1.95+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.

Certificate No: ET3-1559_Jan11 Page 6 of 11
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ET3DV6 SN:1559 January 19, 2011

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Frequency response (normalized)
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Uncertainty of Frequency Response of E-field: & 6.3% (k=2)

Certificate No: ET3-1559_Jan11 Page 7 of 11

Page 9 of 29




™
Annex E to Test report no.: 1-3239/11-02-02 OM

ETIDVE SN:1559 January 19, 2011

Receiving Pattern (¢), 3 = 0°

f= 600 MHz, TEM ifi110EXX f=1800 MHz, WG R22
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Uncertainty of Axial lIsotropy Assessmaent: £ 0.5% (k=2)

Cenificate No: ET3-1558_Jan11 Page 8ol 11
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ET3DVE SN:1559 January 19, 2011
Dynamic Range f(SAR}a4)
(TEM cell, f = 900 MHz)
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Uncartalnty of Linearity Assessment: £ 0.6% (k=2}
Cartificate Mot ET3-1558_Jan11 Page Dol 11
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OM"

ET3DVE SM:1559

Conversion Factor Assessment

January 19, 2011

1= 900 MHz, WGLS RS (head) = 1750 MHz, WGLS R22 (head)
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Deviation from Isotropy in HSL
Error (¢, 8), f = 900 MHz
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Uncertaintly of Spherical Isotropy Assassment: £ L6% (k=2)

Cartificata No: ET3-15569 Jan11 Page 10 of 11
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CETECOM
oo

ET3DV6 SN:1559

Other Probe Parameters

January 19, 2011

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 2.7 mm
Probe Tip to Sensor Y Calibration Point 2.7 mm
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
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CETECOM

Calibration Laboratory of

Schmid & Partner
Enginsering AG

Zeughausstrasse 43, B0D4 Zurich. Switzerland

Accrodited by the Swiss Acoreditation Service [SAS)
The Swiss Accreditation Service iz one of the signateries o the EA
Multllateral Agreemenl for lhe recognition of calibration certificates

Cllent Cefecom

3 Calibration report “2450 MHz System validation dipole”

Schweizeriacher Kalibrierdienst
Service sulsse d'dialonnage
Servizio svizzerg di taratura
Swiss Calibralion Service

Accreditation No.: SCS 108

Certificate no: D2450V2-710_Augii

|CALIBRATION CERTIFICATE

Ohject

Cal braticn procedure(s)

Calibration date:

Primzry Standards

D2450¥2 - SN: 710

QA CAL-05.v8

Calibration procedure for dipole validation kits above 700 MHz

August 19, 2011

Calibratizn Cquipment Lsed {METE critical jor calibration)

24

| Fower rmieter EPRM-dEEA
Fowver sensor HP 04487 4
Feferance 20 dB Attenuator
Type-t mismatzh combination
Meferance Probe E53003
CAE4

Seuondary Slandards

GES7L80704
537282733

SM: §5086 [230)
SM: 50472 ) 0B3ET
SM: 5205

SM: B0

D #

Pows- zenzar HP 34814
RF generator R&S SMT-08
MNelwors Aralyrer HP A7T55F

Daibratar by

Appraved by

Gl Daale (Selificzale Ma.)

This ralibration cerificate dacuments the lracaability 12 national standards, which calize the physical units of measuremants (311
The measurements and the uncertainties wth confidence probzbility are giver on the following pages and are nart of the ceriif cate,

All calibrations have aeen concucled in e closed laboratory gl environment terperature (22 £ 3)° G and humidity < T0%.

Scheculed Calibration

OB-Cet-10 (Ma. 217-01266)
DB-Oot-10 (Mo 217-01 266)
ZH=RIERTT (Mo 217071367
28-Mer-11 (Mo 217-01371)
29-Apr-11 (No. ES3-3205 Ap11)
B-Jub11 (Mo, DAE4-501_JLi11)

Chack Date (in hause)

WY 09237
100005

1537390585 54206

Marme
Clavdio Laubler

“atja Pokovic

18-0ct-02 {in house cheek Oot-08)
04-Aug-59 {ir house check Oct-08)
18-0c1-01 {in howge shaek Qo100

Funiztion
Laborateny Tachnician

Technizal Manager

This ca ibravion cerificate shall not be reproduced excen in full without witten approval of the laboralory.

Qat-11
Col-11
Anr-12
Aar 12
Aar-12
Jul-12

Sechenuled Check
In house chask: Cot-11

11 hause ahack: Qet-11
In house chazk: Oct-11

Sinatyre \
|

Issued: August 22, 2011

Cartificate Mo: D2450M2-710_Augi

Page 1 of 8

Page 14 of 29




™
Annex E to Test report no.: 1-3239/11-02-02 CE’_EQOM

Calibration Laboratory of et

) St &  Schweizerischer Kallbrierdisnst
Schmid & Pariner iE: \-H—JENEJ -—!": c Sorvice sulsse d'étalannage
Engineering AG P Servizio svizzero di taratura
Zeughausstrasee 43, 8004 Zurich, Switzerland '/‘:/_.-_Q\\‘ S Swiss Calibralion Service
gl ™
Aucaudiledd by the Swiss Azcreditation Service [SAS) Acereditation No.: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Multilataral Agreement 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) |EEE Std 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absarption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, Deccmber 2003

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

¢} Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofraquency
Electromagnetic Fields; Additional Information for Evaluating Campliance of Mobile and
Portable Devices with FCC Limits for Hurmnan Exposure to Radiofrequency 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 delails are available from the Validation Report at the end
of the cerlificate. All figures stated in the certificate are valid al the frequency indicated.

»  Antenna Parameters with TSL: The dipole is mounted with the spacer 1o position its feed
point exactly below the center marking of the flat phantom section, with the arms criented
parallel to the body axis.

» Feed Point Impedance and Return Loss: These parameters are measured with the dipole
positioned under tha liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Return Lass ensures low
reflected power. Mo uncertainty required.

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

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

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

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

Certificate MNo: D245002-710_Aug 11 Page 2 of 8
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Annex E to Test report no.: 1-3239/11-02-02

CETECOM

Measurement Conditions

DASY system configuration, as far as not gives on page 1.

DASY Yersion DASYS VE2.6.2

Extrapolation Advanced Extrapolation

Phantom Madular Flat Phantom

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy. dz =5 mm

Frequency 2450 MHz = 1 MHz
Head TSL parameters

The following parameters and caleulations were applisd.
Temperature Permittivity Conductivity

Nominal Head TSL parameters 220G 3492 1.80 mhoym

Measurcd Head TSL parameters @2.0+0.2)°C 368.4 x5 % 180 mhofdm £ 6 %

Head TSL temperature change during test =0.5"C
SAR result with Head TSL

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

SAR measured 250 mW input power 13.8mW /g

SAR for nominal Head TSL parametars

normallzed to 1W

54.2 mW fg + 17.0 % (k=2)

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

condltion

SAR measured

250 mW input power

G642 mWW /g

SAR for nominal Head TSL parameters

nommalized to 1W

25.5 MW /g = 16.5 % (k=2)

Body TSL parameters

The fallowing parameters and calculaticns wers applied.

Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0"C 527 1.85 mhm¥m
Measured Body TSL parameters {22.0+02) °C 31B+6% 2,02 mho/m =6 %
Body TSL temperature change during test = 0.F*C —
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condifion
SAK measured 250 mW input powsr 13.2mW /g

SAR for nominal Body TSL paramelers

normalized to 1W

51.7 mW 7 g £ 17.0 % (k=2)

condition

SAR maasured

SAR averaged over 10 cm” (10 g) of Body TSL

250 mW input power

E10mW (g

SAR for nominal Body TSL parameters

nommalized to 1W

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

Certificate No: D24ECV2-710_Aug 11

Fage Zof 3
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Annex E to Test report no.:

1-3239/11-02-02 CELEQQM )

Appendix

Antenna Parameters with Head TSL

Irrpadance, transformed o feed point

Flzl+13j0

Return Loss

-29.6dB

Antenna Parameters with Body TSL

Impedarce, transformed to feed point

4950 +2500

Fetim Loss -3184dB
General Antenna Parameters and Design
Electrical Delay (one direction) 1.156 ns _‘

Alter long term usa with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measurad.

The dipole is mace of standard semirigic! coaxial vable. The cenler corcuctar of the feading line is direcily connected to the
second arm of the dipole, The antenna is therefore shart-circuitad for DC-signals.
Mo excessive force must be applied fo the dipols arms, because they might bend cr the soldered connections ~ear the

[ezdpuind may be demaged.

Additional EUT Data

Manufacurod by

SPEAG

Marufastured on

July 05, 2002

Certificate Mo: D2450W2-710_Augii Page 4 of 8
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DASYS Validation Report for Head TSL

Datc: 18.08.2011

Test Laboratory: SPEAG. Zurich, Switzerland

DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN: 710

Communication System: W, Frequency: 2250 MH.

Medium parameters used: f — 2450 MHz: o = 1.85 mho/m; & = 38.4. p = 1000 kgfm?’
Phantom secticn: Flar Seclion

Nezasurement Standard: DASYS (IEEE/TEC/ANST C63,19 2000 )

DASY 32 Confliguration:

Probe: ES3DV3E - SN3205; ConvFi4.45, 4.45, 4.45); Calibrated: 20.04.201 |
Sensor-Surface: 3mm (Mccharical Surface Detection)

Flectranics: DAE4 Sno01; Celihrated: (.07 2011

Phantom: Flal Phantom 3.0 (front); Type: QDUOOPS0AA; Scrial; 1001

DASYS2 52.6.2(182): SEMCAD X 4.4.5(3634)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7%Cube 0:
Measurement grid: dx=5Smm, dy=5mun, dz=Smm

Reference Value - 101.9 ¥im: Power Drift =006 dR

Peak SAR {cxlrapolated) = 28.388 W/kg

SAR(L g) = 13.8 mW/g; SAR(10 g) = 6.42 mW/g

Maximum value of SAR (measured) = 17.763 mW/g

-1352

kR

2253

0dB = 17.760mW/g

Certificate No: D2450W2-710_Aug11 Page 5 of &
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body TSL

Date: 19.08.2011
Test Lahoratory: SPEAG, Zurich, Swilzerland
DUT: Dipole 2450 MIlz; Type: D2450V2; Serial: D2450V2 - §N: 710

Communicatien System: CW,; Frequency: 2450 M1z

Medium parameters used: £= 2450 MHz; o = 2.02 mho/m; £r = 51.8; p = 1000 kgfm”
Phantom seclion: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2007)

DASYSZ Configuralion:
«  Probe: ES3DV3 - SN3205; ConvFi4.26, 4.26, 4.26); Culibrated: 29.04 2011
+  Sensor-Surface: 3mm [Mechanical Surface Detection)
= EBleclronics: DALA Sno01; Calibrated: 04.07.2011
= Phantom: Flat Phantam 5.0 (back); Type: QDUNOPSOAA; Serial: 1002

v DASYSZ 52.6.20(482); SEMCAL X 14.4.5(3634)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=3uur, dz=5mun

Relerence Value = 95.772 ¥/m; Powcer Drill = -0.03 dB

Peak SAR {extrapolated) = 26,990 W/ke

SAR(1 g) = 13.2 mW/z; SAIR(10 g) = 6.1 mW/g

Maximum value of SAR (measured) = 17.251 mW/g

-1

-21.39

OdB = 17.250mWrg

Cartificate Mo: D24a002-710_Aug11 Page 7 of 8
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Impedance Measurement Plot for Body TSL

18 Aug 2811 18:38i49

AL =1L 4 U FS 1t 35,469 & ZAIELg LEZLT pH Z 430,068 383 MHz

L3

Dl

et I

’y’
\

Avg

B

Hid

cH2 24 Los 3 JE/REF ~-78 dB 1:-31.818 dB 2 458,00¢ BAA ||Hz

' e —]
Ce _“H__""‘-.. g
*-_\ __,_,-‘f,f
x et =l
- o~
I e i
Bivg Tl
Hid | : - f——— et '
START 2 258,060 06 Mz STOP 2 658,040 G008 MH:

Ceriificatc No: D2450V2-710_Auc1d FPage & of O

Page 21 of 29




™
Annex E to Test report no.: 1-3239/11-02-02 OM

4  Calibration certificate of Data Acquisition Unit (DAE)

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughaussirasse 43, 8004 Zurich, Switzerland

=] Schwelzerischer Kalibrierdienst
Service sulsse dd#alonnage

c Sorvizlo svireero di taralura

S suiss Callbration Service

Accreditad by tha Swiss Ascreditaion Sandca (SAS) Accreditntion Mo.: SCS 108
The Swiss Accredilation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of callbration cerilicates

cient  Celecom Cartificate No: DAE3-477 May11
CALIBRATION CERTIFICATE
— =
Object DAE3 - SD 000 D03 AA - SN: 477
Calibration procedura(s) QA CAL-DE.w22

Calibration procedure for the data acquisition electronics (DAE)

Calibration date: May 4, 2011

Thes calibration cenlificate documants the tracaability to nationa| standards, which realire tha physical units of measuremants (S1)
The measurasmants and thin unoartainties with condidence probability are given on the following pages end are part of the cenilicate

All calibrations have beon conducted in the closed labomaony iacilily: smdronmend lempemabes (22 + 370 and husmicdy < 70%.,

Calibrafion Equiprmont usad (MATE crlical for caloretion)

Prmary Standards I Cal Date [Contificats Mo} Scheduled Calibration

Kaithley Mullsretar Type 2001 SN OB102TE 28-Sep-10 (Mo 10376} Sep-11

Seconsary Standards I & Check Date (in hausa) Schaduled Chick

Calitwator Box V1.1 SE UMS 006 AB 1004 O7-Jun-10 [in house check) In house check: Jun-11
MName Funection Signaluin

Calibealad by Bominigque Stafien Tachnician

Approved by Fin Bomhall FAD Dhreclor . %ZQJ i

Issusd: May 4, 2011

| This callbration carificate shall not ba reproducod excapt in il withoot watten approvad of the labaratory.

Cerificate Mo DAE3-477_May11 Paga 1ol 5

Page 22 of 29




Annex E to Test report no.: 1-3239/11-02-02 mtcom
w.

5 Certificate of “SAM Twin Phantom V4.0/vV4.0C"

Schmid & Partner
Engineering 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 samples).

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] I1EC 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

/ : -\ 52 7
_ /Ké@’/% Schmid & Partner %‘7’; /57’”‘%/#
Signature / Stamp Engineering AG

Zeughausstrasse 43, CH-8004 Zurlch
TQ|.°+41 1 245 97 00, Fax +41 124597 79

DocNo 881-QD 000 P40BA-B Page 1(1)
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6  Application Note System Performance Check

6.1 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.

6.2 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.

6.3 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 10g Vit
Measurement System
Probe calibration +4.8% Normal 1 1 1 +4.8% +4.8% ©
Axial isotropy +4.7% Rectangular [V3 [0.7 0.7 [+1.9% +1.9% 0
Hemispherical isotropy +0.0% Rectangular [V3 [0.7 |0.7 [+0.0% +3.9% 0
Boundary effects +1.0% Rectangular [V3 |1 1 + 0.6% + 0.6% 0
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 +0.0% Rectangular [V3 |1 1 + 0.0% + 0.0% 0
Integration time +0.0% Rectangular [V3 |1 1 + 0.0% + 0.0% 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 +2.0% Normal 1 1 1 +1.2% +1.2% 0
distance
Power drift +4.7% Rectangular [V3 |1 1 +2.7% +2.7% o0
Phantom and Set-up
Phantom uncertainty +4.0% Rectangular [V3 |1 1 +2.3% +2.3% %0
Liguid conductivity (target) |+ 5.0% Rectangular [V3 [0.64 |0.43 [+1.8% +1.2% ©
Liguid conductivity (meas.) |+ 2.5% Normal 1 0.64 1043 |£1.6% +1.1% ©
Liquid permittivity (target) |+ 5.0% Rectangular [V3 [0.6 |0.49 [+1.7% + 1.4% %0
Liguid permittivity (meas.) |+ 2.5% Normal 1 06 (049 |[+1.5% +1.2% o0
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 Vi
Value Distribution |sor |1g |10g |Uncertainty |Uncertainty |or
1g 10g Vet
Measurement System
Probe calibration +4.8% Normal 1 1 1 0 0 ©
Axial isotropy +4.7% Rectangular [V3 [0.7 |0.7 |0 0 0
Hemispherical isotropy +0.0% Rectangular [V3 [0.7 |0.7 |0 0 0
Boundary effects +1.0% Rectangular [V3 |1 1 0 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 +0.0% Rectangular [V3 |1 1 0 0 0
Integration time +0.0% Rectangular [V3 |1 1 0 0 0
RF ambient conditions +3.0% Rectangular [V3 |1 1 0 0 0
Probe positioner +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 5
Test Sample Related
Dipole axis to liquid +2.0% Normal 1 1 1 +1.2% +1.2% o
distance
Power drift +4.7% Rectangular [V3 |1 1 +2.7% +2.7% o0
Phantom and Set-up
Phantom uncertainty +4.0% Rectangular [V3 |1 1 +2.3% +2.3% %0
Liguid conductivity (target) |+ 5.0% Rectangular [V3 [0.64 [0.43 [+1.8% +1.2% ©
Liguid conductivity (meas.) |+ 2.5% Normal 1 0.64 1043 |£1.6% +1.1% ©
Liquid permittivity (target) |+ 5.0% Rectangular [V3 [0.6 [0.49 [+1.7% + 1.4% %0
Liguid permittivity (meas.) |+ 2.5% Normal 1 06 (049 |[+1.5% +1.2% o0
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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6.4 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 — — . } @
Att3
Att2 L
® e
Attl

&) —=
Dipole

The figure shows the recommended setup. The PM1 (incl. Attl) 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:

e 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 250mwW
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.

e The directional coupler (recommended 3 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.)

e 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.

e The power meter PM1 and attenuator Attl 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 Attl and
calibrate the attenuator with the coupler.

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

6.5 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.

6.6 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:

e 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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