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2 Calibration report “Probe ET3DV6”

Calibration Laboratory of ~:~E\:_,1’—’J.;’~ ﬁh‘}\ § Schweizedscher Klibricrdienst
Schmid & Partner il: ME-!E-'T'. T ‘.I ¢ Service sulsse diétionnage
Engineering AG s |\$ oy 5{- Servizio svizzero di taratura
Zeughaussirasse 43, 8004 Zutich, Switzerand N \(@'RM 3  swiss Calibration Service
gl g & Sl e
Aczreditee by the Swiss Accreditafion Service (SAS) Accreditation No.: SCS 108

The Swias Accreditalion Service s one of the signatories to the EA
NMultilateral Agreement for the recognition of calibration certificates

Clienl Cetecom Certificate No: ET3-1558_Aug10

|CALIBRATION CERTIFICATE

Obiject ET3DVA - SN: 1558

Calibratian procedures} QA CAL-D1.v5, QA CAL-23.v3 and QA CAL-25 v2
Calibration procedure for desimetric E-field probes

Calioration date; August 11, 2010

This calisration certificate documents the traceabilly o natisnal standards, which -ealize the phyzical units of measuremerts (S0
The mezsuremants and the uncersinties with conficense probakility are given an the follewing pages and are part of the cartificats,

All calibratiors Fave been conducisd in the cdosed laboratary faeility; environrment termperaturc (22 £ 3)°C and humdity = 709

Calibration Equipmet used (M3 1k criliczl for calibration)

Prirnary Standarcs IC & Cal Date (Certficate Mo.) Scheduled Calibration
Power meter F44108 GE41203474 1-Apr-10 (Mo, 217.011 368) Apr-11

Pawsr sarsor 21413248 MY A1435277 1-Apr-10 (Mo 217-C1136} Apr-1

Prower sersar C44 124, MY 41428087 1Apn=10 (Mo, 217-01136) Apr-11

Reference 3 dB Attenuator SN 55154 (2o} IR ET [HE T S R R tiar-11

Refersnce 20 dB Attenuatar Sh: 55285 (200 304ar-10 (Mo, 217-01151) Mar 11

Referenoe 30 dB Attenuatar SM: 55129 (20b) 30-tar-10 (Mo, 217-C1150) hiar-11

Reference Prooe ES30V2 Sh: 30135 3-Dec-03 (Mo, ES3-3013_Cecd®) Cec-10

DAaE4 FM: BED 20-Apr-10 (Mo, DAEA-BED Api{d) Apr-11

Secondary Standards D # Shieck Daule (in house) Scheduled Check

RF gonarator HP 56480 US3B42001 A0 4-A03-9% (n house check Orh05 I hose chack: Qet-11
Metwark Analyzer HR BTEIE LUI237390285 18-0cl-11 Jin housae chesk Ocl-08) In hauge check: Setid

MaTe =unctinn Sigrabiire

Calibrated by L audio Leubler Laberatary Tochnican I

Approved by: Kafja Fokowic Technical Manager /&W;ff

Issuzd: August £, 2010

This calibraticn cerificate shall ot be reproduced exeept i full withot witten apgroval of the lsboratory.

Cerifcate No: ET3-1538_Aug10 Fage 1of 11
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Calibration Laboratory of

E s Schweizarischar Kalibmardinnst
Schmid & Partner c Samvice suisse datalonnage
Eng inee.‘ing AG Servizio svizzero di laratura
Zeughausstrazse 43, 3004 Zurich, Switzedand S swiss Callbration Service
Accredited by the Swiss Aczreditation Service (SAS) Accreditation No.: SCS 108
The Swiss Accreditation Service is ane of the signatories to the EA
Multilateral Agreement for the recegnition of callbration certificates
Glossary:
TSl tissue simulating liquid
NORMx, .z sensitivity in free space
ConvF sensitivity in TSL/ NORMs,y .z
DCP diogde compression paint
CF crest faclor (1/duy_cycle) of the RF signal
ABC meculation dependent linearization paramaters
Folarization ¢ ip rotation around probc axis
Melarization 4 & rotation around an axis that is in the plare wonmal lo probe axis (8l measurement centery,

e, % =0Is normal to probe axis

Calibration Is Performed According to the Following Standards:

a) |EEE Std 1628 2003, “|[EEE Recommended Practice for Determining the Peak Spatizl-Averaged Specific
Abscrption Rate (SAR) in the Human Head lrom Wirskess Communications Devices: Measurameant
Technigues”, Decernber 2003

b) |EC 62208-1, “Proredura to measura the Soscfic Absorplion Rate {SAR) for hand-held devices Lsed n close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

s NORMx.y.z Assessed [or E-field polarization 8 = 0 (f < 900 MHz in TEM-call; f > 1800 MHz: R22 waveguide),
MNORMx,y.7 are arly intermediate values, i.e., the uncertaintics of NORMx v,z does not atfect the E*field
uncertainty inside TSL (see below ConvF),

e NORM{flx, .7 = NORMx, v,z * frequency_response (see Frequency Response Chart) This linearization is
implementad in DASY4 software versions later than 4.2, The uncerlainty of the frequency response is included
in the stated uncertainty of ConwE,

& DCPxyz: DCP are numericzl linear zatior parameters assessed based on the data of power aweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

s Awyz Baeyz Cryz, VRx )2 A B, Care numerical lingarization parameters assessed based on the data of
power sweep far specific modulatior sigral. The paramaters do not depend on hequency nor mediz, VR s the
maximum calibration range 2xuressed in RMS voltage across the dode.

«  ComvF and Boundary Cffect Parameters: Assessed in flat pharton using E-ield (o Tempeialure Transfer
Standard for f < 800 MHz) and inside waveguide using analyticzl field distributions based on power
measuraments for f > 800 MHz. The same setups ate used for assessment of the paremeters applicd for
boundary compensalion (alpha, depth) of which typical uncertzinty values are given. These paramaters are
used in DASY4 software to improve probe accuracy clase to the baandary. The sensitivity in TSL corresponds
to NORM:x,y.z ® ConvE whareby the urcerlainly co responds to that given for ConvE, A frequency dependent
ConwvE is used in DASY version 4.4 and higher which allows extending the validity from + 50 MHz tc £ 100
IHz.

= Sphetcal isolropy (30 devistion from isolropy): in a field of low gradiants realized using & flat phantorr
exposed by a patch antenna.

« Sensor Offsef |he sensor offset corresponds to the offsel o° virtual measurement center from he prabe tip
[on probe axis). No tolerance required.

Cerifficate No: ET3-" 558_Aug1Q Page 2 of 11
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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

(Mote: non-compatible with DASY2 systeml)

Cartiieste No: ET3-1558 Aug10 Fags 2 of 11
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ET3DV6 SN:1558 August 11, 2010

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

Basic Calibration Parameters

Sensor X | SensorY | Sensor Z [Une (k=2)
Norm (LI Im)Y +.98 1.80 175 | +101%
DCE {mv)® 0318 94.8 3.8

Modulation Calibration Parameters

Il..'I[! Communication System Mame PAR| A B c VR Unc®
dB dBuV my (k=2
10000 T Cr.00 x 0n.on .00 1.00( 300.0 +1.58%
Y 000 .00 1.03) 300.0
Z 0.00 .00 1.00] 2000

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

" The urcartainties o NarnX, ¥, 2 do not affect the E-fshd mis Iy inside TSL (522 22g8s 5 2nd 6.
" Numerical fneanzaton garamatar uncartainly rat reguired
E e Gty i edeles nired using the max mum devzlion fror linear resoonsa aoplying recetanguisr o a-nhuhon and & expressesd el square of a feld value,

Cartificate Na ET3-1553_Ang™ D Fage 4 of 11
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ET3DV6 SN:1558 August 11, 2010

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

Calibration Parameter Determined in Head Tissue Simulating Media

1 [MHZ] Valldlty [MHz]” Permitrivicy Conductivity ConvF X ConvFY  ConvFE Z Alpha Dapth Unc {k=2)
750 + &0/ £ 100 41.9 +5% 0.89 £ 6% 5.26 6.26 E.26 0.53 200 £11.0%
B35 =80/ 100 41.5+£58% 090 £ 5% S8z hH2? £.h2 0.4z 228 £11.0%
800 50/ =100 A1.5 £ E% 0.87 £ 5% 580 £.80 £.80 0.38 246 £11.0%
1750 £8504=100 401 £ 5% 1.537 £ 5% 503 5.03 .05 .50 2758 £11.0%
1900 £50/£100 400 £ 5% 1.40 + 5% 478 4,76 4.76 0.52 243 L17.0%
2450 L350/ £100 392 + 5% 1.80 £ 5% 4.14 4.14 4.14 039 174 +17 0%

© The waicity of = 100 MMz nnly applies for DASY 4.4 and higher 'ses Page 2), Tha unceriainty is the R5S of te ConvF uncartaicty at calibration frequeney

and e uncertainty fo- che irdicated frequency bard

Cedificate Mo: ET3-1858 Augii Paga 5cf 11

2011-11-18Page 7 of 30




™
Annex E to Test report no.: 1-3239/11-02-03 mtgo_M

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 ConvFX ConvFY  ConwF Z Alpha Depth Une (k=2)
] £ 50100 BE5 + 50 086 £ E% 585 5.85 5.95 C.44 223 £ 11.0%
835 £ 50/+100 552 +5% D97 £ 5% 5.85 5.85 5.65 C.d41 £.35 +£11.0%
G0 + 507+ 100 55.0+ 5% 1.05 £ 5% 573 5.73 5.73 0.36 2F7 2 11.0%
1750 + 507+ 100 53.4 = 5% 145 £ 5% 4.61 4£1 461 0.61 2.92 £ 11.0%
1800 + 537+ 100 533=5% 1.52 & 5% 435 4328 4.35 0.81 2,62 £11.0%
2450 +30/£100 52,7 £ 5% 1.95 L 5% 4.00 403 4.03 0.89 1.79 £ 11.0%

© The val dity of £ 100 MHz orly app 163 Tor DASY v4.4 ard Figher taze Page 2 The uncedainty is the RSE of the QorwF unesrtsimy st calibration frecusncy

and the uncerta Aty far the indicated fraquency band.

Certif cate Mo E13-1558_Aug1D Paga B of 11
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ET3DVG SN:1558 August 11, 2010

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

Frequency response (normalized)
=
2
]
2

oG

0.5 |

& 300 1000 1500 2000 2500 00C
f [MHz]

—&—TEM ——Rz2

Uneertainty of Frequency Response of E-field: + 6.3% (k=2)

Certificate Me: =T3-1562 Aug10 Page 7 of 11

2011-11-18Page 9 of 30




Annex E to Test report no.: 1-3239/11-02-03

CETECOM®

ETIDV6G SN:1558

Receiving Pattern (¢), 5 = 0°

August 11, 2010

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

0 &0 120 180 240 300
W7

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

Certificate Mo: FT3-16558_Aug10 Page 8 of 11

e 25010 Bk

—o— 30 MHz
—E— 100 WH:
—&— 500 MHz
—B— 1800 M-z

2011-11-18Page 10 of 30
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ET3DVG6 SN:1558 August 11, 2010

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

1.E+08

1.E+05

1.E+04

V]

igna

1 E+02

Input S

1.E+02 |

1.E+01

1.E+00 ! |
00004 0.001 0.01 01 1 10 100
SAR [mMWicm®]

=@ neal comnensalad —&— cnTpnnsatan ‘

B
0001 0.01 0.1 1
SAR [mWfem’]
Uncertainty of Linearity Assessment: * 0.6% (k=2)
Cartificate Na: ET3-1588_auqik Dage Saf11

2011-11-18Page 11 of 30




Annex E to Test report no.: 1-3239/11-02-03

CETECOM

ET3DV6 SN:1358

Conversion Factor Assessment

August 11, 2010

=800 MHz, WGLS R9 (head] |

f = 1750 MHz, WGLS R22 {hoad)

30 40

—&— Measuemeants

4.0
35
30
Zas
"Ezo
E
Eis
Z10
v
as
ao |
4] 10 20 30 40 ] £ o 10 20
2[mm] z[mm]
—— Anzlyticsl =L b ;urc\.-l:\zhls: _@- ,-l;qal-;'[":a-l
Deviation from Isotropy in HSL
Error (i, &), f =900 MHz
)
=
-
£
ui
D 3
W- 00080 I-IZI.S_D—CI.EO B-060-040 @-04C--0.20 @-0.20-000
Oo03cz0  E0EDD4)  O040-180  @0.60-130  E0E0-1.00
I

Certificate Mo: E13-1558_Ausg10

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

Fage “N af 11

2011-11-18Page 12 of 30




Annex E to Test report no.: 1-3239/11-02-03

CETECOM

ET3DVE SN.1558

Other Probe Parameters

August 11, 2010

Sensor Arrangement Triangular
Connectar Angle (%) Wat applicable
Mechanical Surface Detection Mods enabled
Optical Surface Datection Mode enahled
Probe Qverall Lergth 337 mm
Probe Body Diameater 10 mum
Tip Length 10 mm
Tip Diameter 6.8 mm
Probe Tlp o Senscr X Calibration Poin: 2.7 mm
Probc Tip to Senscr Y Calibration Foint 2.7 mm
Probe Tip lo Sensur £ Calibration Point 2.7 mm
Recommended Mcasurement Distance from Surface 4 mm

Certificate b FT3-1558_Augil Fage 11 of 11
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3 Calibration report “2450 MHz System validation dipole”

Cali bn_"atlon Laboratory of SN ; £ Schweizerischar Kallbrisrdienst
Schmid & Partner ilé“—gm—ﬂﬂ’%é Service suisse d'élalonnage
Engineering AG i Sarvizio svizzers di taratura
Feughausstrasse 43, BODM Zurich, Switzerland % _,fF-l\w\? Swiss Calibration Service
CIA
Agcrecited by the Swiss Acoraditetion Servics {(SAS) Accreditation No.: SCS 108

The Swiss Accreditation Service Is one of the sigpnatories to the EA
Multilateral Agreemant for the recognition of calibration certificates

Client Cetecom Certificate Ho: D2450V2-710 Aug10

[CALIBRATION CERTIFICATE

Nhject D2450V2 - SN: 710

Calibratior procedurais) ON CAL-DE T
Calibration procedure for dipole validation kits

Cakbralion dats: August 18, 2010

Thiz calibration cerfificzte dacumants the traceability ta national standards, which real ze the physical units of measurements (51,
The measureTents and the uncartaintizs with conidence probabilily are given on the following pages and are part of the certiflcate.

All calibraiions have been conducted In the closed laborazory facility; environment temperature (22 + 3)°C and bumidity < 70%,

Calbraticn Equipmant used (METE zritical for calibration)

Pritary Slaindards 10 # Cal Date [Carfificate Mo ) Schedulad Celibration
Power matar ZPR-14124 3B374807C4 0B-Oct-08 (Mo, 217-01088) et 10
Power sensor HP 84815 L33vzeeTal 06-Coct-08 (Mo, 217-01083) Qot-10
Referenca 2 dB Aftenuztor SN 5086 {20g) F0-Mar-10 (Mo, 217-01158) Mar-11
Type-M mismaich combinatcn SH: 6047 2 F DRR2T 30-Mar-10 Mo, 217-01162) Mar-11
Refziencs Frobe 33003 SN;: 3205 30-Apr-10 (he. ES3-1205_Apei() Apr-11
DAEd SM: 801 10 un-1E {No. DAEL-B01_Jun1d} Jun-11
Sacomdary Standards Lk Check Cate (in house) . Schadulad Check
Power sansor HP 34214 MY 41082517 18-0ct-02 (in house check Oct-CL8) I house chuck: Ocl-11
RF generatar RE&S SMT-06 | 100005 A=Aug-4Y {in house crack On-08] In honse check: Qo1
Metwark Analvzer HP 8753E LIS37300585 S4206 18-Oct-01 (in house check Oct £9) In hzuse sheck: Oct-10

Mame Funetion Signature ;
Calibrated oy Jelon Kasbali Laboratory Techniclan T )

e ! Fai) LR
Approvest by: Katja Pokav'e Tectrical Manager l' ’f;';f o W
e

IssLed: August 19, 20

Thie calibrztion cerfificate shall nct ba raprodused ssespt in full withaut written approval of the aboratory.

Cartificate No: D2450V2-710 Aug” Page 1 of 9
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Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughausstrasse 43, B004 Zurich, Switzerland

S Schweizerischer Kalibrierdienst
Service suisse d'élalonnage

C Servizip svizzero di taratura

5 Swiss Calibration Service

accradited by the Swiss Accredialion Savice (SAS) Accreditation Me.; 3CS 108
The Swiss Accraditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liguid

ConvF sensitivity in TSL / NORM %,y z
N/A nol applicable or not measured

Calibration is Performed According to the Following Standards:

a)

b)

c)

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

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

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

Additional Documentation:

d)

DASY4/S Syslem Handboaok

Methods Applied and Interpretation of Parameters:

Cerificate No: D2450V2-710_Aug10 Page 2 ol 9

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

Antanna Parameters with TSL: The dipole is mounted with the spacer to positian its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

Feed Poinl Impedance and Return Loss: These parameters are measured with the dipole
positioned under the liquid filed phantom. The impedance stated is transformed from the
measuremcnt at the SMA connector to the feed point. The Return Loss ensures low
reflected power. No uncertainty required.

Flectrical Delay: One-way delay between the SMA connector and the antenna feed point.
Na 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
connector,

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

2011-11-18Page 15 of 30




Annex E to Test report no.: 1-3239/11-02-03

CETECOM

Msasurement Conditions

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

| DASY Version

DASYS

WhilZ

Extrapolation

Advanced Cxirapolation

Fhantom

Meodular Flat Phantom V5.0

Distance Dipele Center - TSL

10 mim

wilh Soacer

Zoom Secan Resolution

cx, dy, dz =5 mm

Freguency

Head TSL parameters

2430 WHz £ 1 MHz

The lollow ng parametets and calculalions wera applied.

Temperature Permittivity Conductivity
Neminal Head TSL parameters 220°C 38.2 1.30 mho'm
Measured Head TSL parameters (220204 "C 30+ EY 1.77 mhcim £ 6 %
Head TSL temperature during test (226 +0.2)°C —— —

SAR result with Head TSL

SAR averaged over 1 cm’ {1 g) of Head T5L Condition
SAR measured 280 m\W input power 12.8mW (g
SAR normalized normallzed to 1V 51.2m\W /g

SAR for nominal Head TSL parameters

narmalized to 1W

51.6 mW ig £17.0 % (=2}

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

3AR measured

SAR nermal zed

condition
250 mWV input power E.03mW /g
narmalized to 1W 2. mWW i g

SAR for naminal Head TSL parameters

normalized to 1W

242 mW /g 216.5 % (k=2)

Cerificate No: D2450V2-710_Aug1C

Page 3079

2011-11-18Page 16 of 30
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Body TSL parameters
The lollowing parameters and calculalions were applied.

T
Temperature Permittivity Conductivity

Mominal BEody TSL parameaters 220°C 527 1.95 mna/m

Measured Body TSL parameters {220+ 0.2)°C 523+8% 1.35 mhaim £ 6 %

Body TSL temperature during test {(22520.2)°C
SAR result with Body TSL

SAR averaged over 1 em” {1 g) of Body TSL Cendition

SAR measurad 280 MW input power 126 mW /g

SAR nomalized normalized to 1V AmWig

SAR for nominal Body TSL parameters normalized to W 54.4 mW /| g% 17.0 % (k=2)

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

S5AR measured 250 mW input power B.47 mW /¢

SAR normalized nomnalized to 1W 258 mW ¢

SAR for nominal Body TSL parameters nommalized lo W 259 mW i g £ 1B.5 % (k=2) |
Certificate Na: D2450V2-T10 Aug10 Page 4 of 8

2011-11-18Page 17 of 30




Annex E to Test report no.: 1-3239/11-02-03

CETECOM

Appendix

Antenna Parameters with Head TSL

| Impedance, transformed to feed point SO0 -04 0
[ Return | oss - 307 dB
Antenna Parameters with Body TSL
Impedanca, transformed to foed point 4370 130
Return Loss - 346 dB
General Antenna Parameters and Design
Electrical Delay (one direction) 1128 a5

Aller long tarm use with 100W raciated power, only a slight warming ef the dipale near the feadpoint can be measured.

Tne dipole is made of standard semirigid coaxial cable. The cenler conduclur of the feeding line is dirzctly cornectad to the

second arm of the dipoe. The artenna is therefore short-circuited for DC-signals,

Mo excessive force must be applied to the dipole arms, because they might bead or the soldered connections near the

feedpoint may be damesged.

Additional EUT Data

Manufactured by

SPEAG

Manufacturec on

July 05, 2002

Cerdicate No: D2450V2-710_Aug 10 Pagr Saofd
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Annex E to Test report no.: 1-3239/11-02-03

CETECOM®

DASYS Validation Report for Head TSL

DateTime: 11082010 13:11:39

Test Laboratory: SPEAG, Zurich, Swirtzerland

DUT: Dipole 2450 MHz: Type: D2450%V2; Serial: D2450V2 - SN:710

Conununication System: CW; Frequency: 2450 MIlz, Duty Cyele: 1:]
Medium: HSL ULZ2 BB

Medium perameters used: £— 24530 MHz; o — 1.77 mho/m; g, — 39.1; p— 1000 Kg-"ms'

Phantom section: Flat Section
Measurement Standard: DASY S (ITREREIRCAANST €63.19-2007)

DASY S Conliguralion;

Prebe: ES3DVA - BN3203; ConwF (4.53, 4,53, 4.33); Celibrated: 30.0£.2010
Sensor-Surface: Smm (Meckanicez] Surface Detection)

Elecironics; DAED Sne01; Calibrated: 10062000

Phac o Flat Phantom 5.0 (ront); Type: QDOGOPS0A A Serial: 1001
Ieasuramanrt SW: DPARYSE, WEL2.2 Bulld U, Wersion 55250 (163)

Pastprogessing SW: SCMCAD X, W14.2 Duild 2, Version 14.2.2 {1685)

Pin=250 mW /d=10mm, dist=3.0mm (ES5-Frobe)/Zoom Scan (7x7x7)/Cube 0: Measurement
grid: dx=3mm, dy=3mm, dz=5Smm

Eeference Value = 100.3 Vim; Power Drift = (L0335 dB
Peak SAR (extrapolated) = 26 Wikg

SAR( 2) = 12.8 mW/g; SAR(10 g) = 6.03 mW/g
Maximum valuc of SAR (mecasured) = 16.5 mWiy

EH

Rl

0dBE - 16.5mWig

Certificate No: D2450V2-T70_Aug10 Page G of @
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Impedance Measurement Plot for Head TSL
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DASYS Validation Report for Body

Date/Time: 19.08.2010 10:18:08
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHez; Type: DZ450V2; Serial: D2450V2 - SN:710

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

Medium: MSL. 11T B

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

Measurement Stendard: DASY S (IEEFRECANST C63.19-2007)

DASYS Configuration:
s Probe: FSIDW3E - SK3205; Convl(4.31, 451, 4.31) Calibrated. 30042010
& Sensor-Surfaee: 2ram (Mechanical Surface Detection )
& Electronics: DAES Sn6d1; Calibrated: 10062010
*  Phandoan: Flul Phemom 3.0 (hecky: Tyvpe: QO000PRS0A A Serial; 1202
s Oveasurement SW: DASYRZ VIR Build 0, Version 32,20 (163)
= Postprocessing 5W: SEMOUAD X, V14,2 Build 2, Version 14.2.2 {1685)

Pin250 mW/d=10mm, dist=3.0mm (ES-Probe)/Zoom Scan (7x7x7)/Cube 0: Measurement grid:
dx=>mm, dy=3mm, dz=3mm

Referznee Value = 98,5 Vi Power Drift = -0L00803 dB

Peak SAR (extrapolated) = 28.1 Wiks

SAR(1 g) = 13.6 mWig; SAR(10 p) = 6,47 mW/y

Maximum value of 3AR (measured) = 17.9 mW/g

-2h

0dB = 17 9mWeg

Certificare No: D2260W2-710_Aug10 Page & ol 9
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Impedance Measurement Plot for Body TSL
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4  Calibration certificate of Data Acquisition Unit (DAE)

Calibration Laboratory of A Schweizurischer Kalibriordionst
Schmid & Partner Sarvice sulsse d'italonnage

Engineering AG Servizio svizzero di taratura
Zoughaussirassa 43, 8004 Zurich, Switzorland '.T:}“' Swiss Calibration Sacvica
Accradited by the Swiss Acoreditation Sarvice (SAS) Accreditation No.! SCS 108

The Swiss Accreditation Servica is one of the signatories 1o the EA
Multilateral Agreemont for the recognition of calibration certificates

Clignt

This calibration certificale documents the traceability 1o national standaids, which realize the physical units of measuramants (S1).
The measuramants and the uncartaintias with confidance probabiity are given on the following pages and are part of the carificate.

Al calibrations have been conducted in the cosad (aboratory fecility: envviranment temperatine (22 + 3)°C and humidty < T0%.

Calibration Equipment used (MATE critical for calibration)

Frimary Standards 0 # Cal Duate {Certificate No.) Scheduled Calibration
Knithimy MulBmater Typs 2001 SN: 0810278 28-S0p-10 (No:10376] Sep-11

Secondary Slandards oW Chesck Diate (in house) Scheduled Check
Calibrator Bax V1.1 SE LIMS 06 AB 1004 07-Jun-10 {in house chock) In house chack: Jun-11

Issued: January 13. 2011

This cabibration cenlificate shall not be reproduced except in full without wiritten approval of the laboratory.

Cerificate No: DAE3-413_Jan11 Page 1 af 5
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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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