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2 Calibration report “Probe ET3DV6”

AT
l:allh_rauun Laboratory of ’féj{llﬁ‘&?‘ 5 Sehwsariarher Kalihesmist
Schunid & Parlner i o M | p Dervios suisss détalonnage
Enginﬂﬂring AG e e 2 f‘:" z| Hararin Kwrrar o laatira
Zeughsissatrasse £3, 8004 Zurich, Switzodand N ‘\_{&Rpﬁ 7 T Bwiss Colibration Service
T T & i
Annel s by e Seiss Aonedalon Serdoe J5585) aceraditation No.: 3CS 108

Tha Swine Accroditation Seracs it ono of the cignalorioe o tha EA
Miullikelenal Agresaeenl fur U recogoithon of callbestion carlficabas

cliem  Celocim unmiticats i ET3-1558 Janin

CALIBRATION cERﬂFE_ATE_'

Cibjeer ET30WE - Sﬁi:'l&ﬁh

At FIOGaCURE] QACAL D‘I-.l.lﬁ, Qn C.A.L—'l,a.\fﬂ, QA CAL-23 v3 and GA CAL-25 w2
Callbratlon pracedura for desimainc E-floid probes

Ca'ibraticn date January 20, 2010

This calibration cartificats cowsimets e bavealifly o oalional sla dards, whichnealice the grysical orils of e sUIsmEnE =110
| Hia meAs remEntE and the (nosnaintes with comhdence arokab ily are givon oncha fellosing psgea ane s part of the serlificals,

All calibrafiane Fave been conducted i the oo sed balorwlay fuc ily. sivironmeml tenpersturs (27 ¢ 070 ane buerichly = 7o,

Salisreion Couipment used (METE crical for cabibratio)

Pimisiy 3landants (= ] ol Crarbe G ety Mg Sehecinen LA
Howers mnoan FA4TIH RET TR I 1A pe-0G (Mo, 217-21090) A0 &
Pover st E44124 W4 1405277 I-Ape- I (Mo 7100 000} Bpe-10
Fowsr sansor E4g 1 T4 LA - {MA . 30 SR Ape il
Roferenos 3 dB Afenuator EM: BEO054 03] 21-Mar-BE (o 21701020 W10
Foeluvancy 20 08 AtEnUEr SN S50 1 200} R E TN VR NI W R Var T
Hataranco 30 48 Atormater EM: BEG120 {208] 39 Mar 05 (he 217010273 el
Refrreiomn Pt FEANY SN 3013 J0-Dec-C (Mo ESS- 2015 _Lweing lan-111
DWE4 SI: GHD 20 Sop C0 (M, DAE4 830 Eepli) Cop-1
Seonnday Stard ak o Chack Lias (in haves) Zohedilod Cheoh -
RF yuna sl HP B545C LISz T00 4-0ug-3% (In house neck Ces-0%9 T I check: [es-11
Mobsork Amalyzer HP 3T53E LIS57 300585 3.0 0 [in howse chock Cot 0G 1 I choch: 0410

Marea Functian Digmnarhure
Galitnated by Jdeon Kasmat L atxwary | arhnicsan )

- P | Lottt e ) .--"'-:i--'"'"!

e
rivesd by e y g Ll ]
i by Hatja Pokovic Tisd wiicas? Mmrnengur p‘;‘/_é_ﬁ: ﬁ?-,/ﬁ

Iesus: Jawary 2%, 2040
“Tils cailarion cemificare shal Ant e epneiced mocapr m i withoa sotien spprnual of e L by

Zortficate No: ET3 1559 JaniC Page 1ol 11
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Test report no.: 1-1954-21-02/10-A

Calihruti on Laboratory of y e“\"_-\::;v g  Schwsieriaeher Kalibslardionst
Bchmicd & Parlie e c Barvice suizse detalonnngs
Enginmring MG e Bervizio sviziero i lasatura
Zoughausstrasse 43, B004 Zurich, Switzedand %;f;;j S sSwha Callbration Sorvice
Ansiudite by Ui Swiss Acaedilaton Sevive (SA5) acernowauon no.; 3C3 108

Tha Sviss Accredifation Service is one of the 3igNXI0MNes [0 D EA
Miumiateral Agreemand for tha mengnitinn of cafibration cartifleales

Glossary:

TS lissue smmuleliy igui:

NORKM=,y.2 sersilivily i fles space

ConvF senuilivily in TS f NORMz y. #

DCP dlcwie comprassion point

CF crest facior (1ahuly_cyreled of the RF signal

AB.C machAtnn fdependat linoarization paromaeters

Holarization o i rolabion around prohe axie

Polarzation & % retation around an axiz that ic In the plane nermal to probe oxis (ot mesaurement cenlar),

Le., = 0 & narmal b probe axis

Calibration is Performed According to the Following Standards:
aj IEEE &td 1528-2003, *IFEE Recorimended Praclics for Detormining the Peak Spatial-Averagad Spusific
Abseoeplion Rale (EAR] in the uman Head lram Wirsless Cormmunications Devices: Measuiernnl
Techniques”, December 2003
bl ICC 622001, “Procedude bo messum the Spoific, Ahsorption Rate (3AR) fur hand-held devices wsanl in olose
proximity 1o he ear (regustncy range of 200 MHz W 3 GHz)", Februzry 2008

Methods Applicd and Interpretation of Parameters:
= NORM y.c Assmsscd for E-ield polarization &= 0 (7= 900 MHz in 1EM-call; T > 1000 MH7" 22 waveguicds)
WORMax, .2 s only intenmediae values, Le . the uncerainties of NORMY.y 7 doss nol eilec fie Ffinid
urmasrlsindy fnside TS (see e ow ConeF)

o NORM{x v,z = NORM v,z * frequency response (see Freguenuy Rusponse Gharl). This linearization is
implementcd in DAGY4 software versions later Lhan 4.2 1he areanlzinly of the Ireuency response |2 included
in thi staoed uncarainty of ConvF

+  DCPy pz: DCP are numericol lincarization paramelors assessed based on the data of pewer swoop with G
signal {no uncortnty required). DCP decs not depond on frequency nor media,

o Ar gz ez Ceyz YRy A, B, C are numencal lineanzation parameters assessed busud on the data of
power swoep ‘or specific medulalion siynal. The paramoetors do not dopend on frequency ner modin, V7 i the
maximum calibration range exprecead in RMS voliago aorost the diade.

+  Convk ana Hounaary FTect Paramatars: Assesserd in flaf phantm usmg E-hald lor | emperatura Transfar
Srancard for T < B0 MHL) and msidy waveguide uging analytical field distibulene basod on power
measuremants tor 1 > 300 MHz. The samc sclups are usec for assesament of the paramotors applicd for
boundary companzatian (alpha, depth) of which lypical uncerainty values are given, These paramelens aw
uged in DASYA software to improve proe accuracy close o the baundary, The sensiti ty in TSL corresponds
Iy NORMx, v,z * ConvF whorcby the uncertainty corresponds bo that given for Com™. A frequency dependent
ComvF i used in DASY version 4.4 and righer which allows extending the validity from L 50 Mz to + 500
MHz.

»  Sphancal isatmgy (20 devstion from solopy): in 2 fialo of low gradiente raalized using a flat phantom
expozad by 3 palch anlanna.

s Sensar (sl The sensor nfised cormosponds to the offeel of wilual messorement cenler fram the proba tip
(rary prabie Axis) Mo telerancs requirad.

Certificato Mec ET2-1550 Jan' 0 Fage 2 of 11
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E13UVE SN.1550 January 20, 2040

Probe ET3DV6

SN:1559

Manufactured: December 1, 2000
Last calibrated: January 14, 2009
Repaired: January 11, 2010
Recalibrated: January 20, 2010

Calibrated for DASY Syslems

thote: non-comoatibde with 2ASYE syateml)

Cerifizate Mo ET3 1050 Janil Mape Jof 11
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Test report no.: 1-1954-21-02/10-A

CETECOM
———

ET3DV8 3M:1559

DASY - Parameters of Probe: ET3DV6 SN:1559

Basic Calibration Parameters

January 20, 201¢

Sensor X | Sensor Y | Sensor £ Ui [k=2)
Norm (uvivim)®" 1.8 1.58 170 |+101%
BeP o 0.4 42,0 B7.2
Modulation Calibration Parameters
Wi Communication Syatem Namc PARE A B o VR nect
dB dBuy m¥ {h=2)
10000 CUW LW A O .00 =00 300 14.5%
¥ Q00 0.0 T] TS
Z 000 000 1.00] 200

* The wroansintioz of Momr ¥ 2 co net afeet e T* fickd rooripinky inside TOL qvee Mages & and 6

# Munanical linestizadon parameten LICara Ty Ma it

The repontad uncanainty of maasuremant 15 stated as the standard uncertainly of measurement multiplied
by the coverage factor k=2, which for o normal distribution commesponds to a coverage probahility of
approximately 955, J

Linge iy is detemminsd v rg the masnma Jevicion feen D s ee s any sk guis o shihinn o ate IS eenmesen B e wsees of e e sz,

LAt by B 2148 el

Page £ of 11
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Test report no.: 1-1954-21-02/10-A ctrtcoMm
w

ET3DWVE Sh:1359

DASY - Parameters of Probe: ET3DV6 SN:1559

Calibration Parameter Determingd in Head Tisaue Simulating Mecdia

January 20, 2070

f [WiHz] Vallcloty (MHz]"  Permittivity Conductivity CervlC X Conwl ¥ Conwl 2 Alpha ___ Daplh Ur th=21
LETH] 2527100 435=9% 087 £5% T.23 ied T.23 0.23 187 + 13.0%
kL) & 400 & 10U A19 L85 UBY + 8% B.40 g.40 B.AD 0.38 235 +11.05
ko] + 570+ 100 #1.5+ 5% 07 9% .21 BET B.21 0.35 245 £11.0%
160 + 834+ 100 403 + 5% 129+ 5% 5.49 a4y 54y D40 312 £ 11.0%
1750 1504100 401 £ 5% 1.37 # % 529 524 526 0.4z 2.93 £ 11.0%
1850 1507 L 100 4001 5% 1.40 & 5% .87 447 487 N AR 217 £ 11.0%
2160 2501+ 101 MTLEN 153 L E8% 4.03 4.0 402 099 1.79 £ 11.0%
2450 B0 f £ 100 B0.2 +b¥ 1.80 & &% £.42 4 47 442 0.53 1.70 & 11.0%

TP R O 4 T LA Sy apn o doa DAY 1.8 and mgher (pee Aoge ) 18 unmnsink i e ASE o the ConE umzerainky ot aalisrabar hegquoncy

4rc tha uncanamy e reliesnes Raqenry ronn

Cortficate Ma: ET2 1660 Jan10 Pegu 5 of 11

2010-06-07
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w

ETADVE 3N.1559

DASY - Parameters of Probe:; ET3DVE 3N;1559

Caligratien Parameter Determined in Body 1issue Simulating Media

January 20, 2010

f [MHz] Validity [MHz)®  Pormittviey Condustivity ConvF ¥ ConvFY¥  Ganl Z Alpha  Desth Unc (k=2
450 5071 100 LE.F & 5% 0.8 + 5% 783 783 783 20 1.87 L13.3%
B35 + 500+ 100 55 2 + 5% D97 % 5% 6,20 6.20 5.20 0.35 256 =11.0%
200 + 54+ 100 350+ 54 1065 £ 5% 604 H.04 B0 030 293 £ 11.0%
1040 15041100 a) 8+ A © i+ 5% 535 5.35 5.%% 053 348 £11.0%
1750 £ 50100 554100 143 +5% 4.83 4 83 433 0 A0 Al £11.0%
1560 =50/ £102 5334155 1526 5% 467 4.57 447 141 731 +110%
2150 =507+ 10C 63.0 = 5% 1.7T5 4 5% 4.42 482 442 [P R 220 = 11.0%
2451 =50/+£100 52.7 +5% 106 4 6% 4 104 4.04 404 099 1.79 £ 11.0%

© Tlae wd a0y 0+ 100 REH7 mnly APnST IAF (ST U0 4 S0 M S {ens Bang 35, 1% uncertarrty 19 1ha HES ot the Uenv™ roriminky o oaibraten Foquency

anl Ui uncerianly o le oo ied hequeroy bsnd

Cadificale Mo: ET3-1559_Jan1Q Pags G of 11

2010-06-07
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Test report no.: 1-1954-21-02/10-A CETECOM“’
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ET3DVE SN:15589 January 20, 2010

Frequency Response of E-Field
(TEM-Call:ifi110 EXX, Waveauide: R22)

0.0

0&

Freguency resgpongs (nemmalizsd)
o
‘)

o7

bE

ol 1 | i

] 500 1000 184D JHED 2500 3000
I [MH<]

| —— 1M —— |

Unsertainty of Mrequency Reaponse of Efield; L 6.3% (k=-2)

Catricele Mot E3-1509 . ani0 Paga 7 of 11
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Test report no.: 1-1954-21-02/10-A WCOM
R =

ET3DVE 3N:1559 January 20, 2010

Receiving Pattern (¢), 9 = 0°

F =600 MHz, TEM if110EXX f=1000 MHz. WG R22 ‘

08
ne
= g-; & J0Mlz
= n.n B At M
L-% e —— 000 Mk
he W IOCC Mz
UE & IR0 M ¢
- &

Uncertainly of Asial laolivpy Asseasmmil + 0.8% (k=2)

Carlificata Ma! LT3 1588_Janid Pegs 2 of 11
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Test report no.: 1-1954-21-02/10-A “”c

ETIDVE SN:1559 January 20, 2010

Dynamic Range [{(SAR;,.4)
{Waveguide R22, [ = 1800 MH.)

10006

1.CvId

Iwput 5 gnal ']

1+l

——roil cnmpanEaad . Y [

o.om L+ L%
SAR [|||'I'l'ﬁ.'||=r¥]
Uncertainty of Linearity Agsessment: 2 0.6% (k=2)
Carmtcate Ny E123-155Y9_Jan10 Pzge 3 of 11
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R =

ET3DVE SN:156568 January 20, 2010

Conversion Factor Assessment

=000 MHz, WGLE R8 {head) F= 1760 MHz, WGLS R22 (head)

Al0
. kg

elmm] efinrm]

—@r—=Arwli bl =0 L TS —8— Mvaltca —S—Meozzuremens

Devlation from Isotropy in HSL
Error (4, i}, =300 MHz

Error [oB]

W iTn A ENADan BoGaesved Aoy m.20000

IHECIJ'.'AII‘.'A HXICAI DOIASARS BA0S00% Eoyeice

Unces lainly of Splwncal lsolropy Assessment: £ 2.8% (k=2)

Cefifcse Mo CT3-1339_Jan 10 Bape 10 of 17
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Test report no.: 1-1954-21-02/10-A ctrtcoMm
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ET3DVE SN:1559 January 20, 2010

Other Probe Parameters

Senaor Arrangement Tiianuula
Conneclor Ancle [*) ot Z—'Ipnlil":—'lnll;
Mechanical Surface Detecton Mode . enabled
Dptical Surtace Detection Mode cnabled
Prabe Chveroll Length 237 o
Probe Body Dismater 10 mm
Tip Length 10 mm
Tip Diamater - N 6.8 mm
|Pmbt: Tig o Sensor X Calibralion Point . 2.7 mm
IPmbn Tip to Sensar ¥ Calbration Paoint 2.7 mm
Probe Tip o Sensor £ Calibration Point 27 mm
Recommended Measurement Chstance from Surface 4 mim
Ucetihsate Mo LT3-1559 anid Page “10' 14

2010-06-07 Page 13 of 49
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Calibration report “900 MHz System validation dipole”

Calibratian Labaratary of

Schmid & Partner
Engineering AG

Zevghousatroaae 43, B104 Zurich, Switcerland

Schwairerischer KaNprerdienst

Senvice sunive d'étalannage
SeruiThy svizEzero &l waratura
Swir= Callhrahion Senace

Accredited by the Swisa Accreditation Service (SAS) Accreditation Ne - SCS5 108
Tha Swizna Ascreditation Service Is o of lhe sigrabories jo ihe BA

Muttiloterol Agresnnent for the resoanition of calibration certilicates

Cerlifizate N DE00V2-1 ﬂ?ﬂ.ﬁugﬁﬂ

Client Cetecom

|CALIBRATION CERTIFICATE

Chject DO00Vv2 - BM: 102
COllbeaen peacoarals | QA CAL-05.VT

LCalibration procedure for dipale validatinn kits
Calipration data; August 17, 20090

Concltion of the czlibrated Itenn 0 Tolerance

Fhes calibraion cartficalo docamonts fe ieasbiity to notienal atandards, which reslite the physical units of maasureme il (30
Ihe medsuremants and tha urcerdaintiee with conlidoee wobabilty are given an the fallewing cages snd are part of the colficala,

Cailibwaihuy Frjuiguraod s (MATE onitcal for conranan)

Al cal brations hawe Been conducled in the dossd labotony Gty sodrnment smpasame (22 £ 3]0 and numidie © F%,

Calibrate] by.

approved by

slizlrm Kesirst

Kaha Fokovic

Labaramary [achnizian

Technica Manacer

Certificats Mo: DOO0V2-102_Aus 09

Fage 1 of 9

Prmary Stancanss [iD# Cal Diates {Carelifnzad: N ) Seheduled Calilation

Power mater EMM-2424, COITAGITO 08-Co1-08 {Nu. 217-00838; O-08

Pt garsor HP B4R A | UEaTMaETs 00-0ck-00 Mo, 24 r-00898: O

Reafercnoc ) ¢B Atcnuator SN S0 (20) Hhard8 (Na, 217-01005) I=r-10

TyporN mismulch suribinatior EM: 50472/ 05227 I-ar-08 (Mo, 217 01U} Ttar- 10

Rederence Troba ESIDNG SM: 320¢ 26-Jun-08 Mo, CR5-0208 Jundd: Jun-1C

Daked LM 600 OT-Mar-08 (Mo, DAE4- 601 _Ka0f) ar-10

Socondary Stancaids LT Gheck Diste in house) Sedwakides! Clwek

Posen sunuor HP B421A MvaitazsT 1006102 {in howse chock Ocl-07) Inn b vk CA-0R

AF generator REE EMT-CE 100005 - (i e odwad Cad=07; I hress ceck: Ot

Mabwark Analyzer HP BYG3E USIeR0sus 54208 10-06t01 {in house chock Ocl-08) It beaiser mRck- Oetng
MHarw Fumtion 5 gnatune

,,T/_ A

o

This cafibrabion corilicabe slull vol be reproches! excoat In Sdl witnnae weiten approval of Tre kbualony.

n

Ixzaga Bunuet 18, 200

2010-06-07
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i i g,
Cﬂ|lhll'ﬂtlﬂﬁ Laboratory of {zﬂ‘;ﬁi-ﬁ?. 5 Schweizerischer Hallbrlerdbs st
Schmid & Partner ﬁaﬁﬁ[{ ﬁ g Sorvico eulees détalennage

Enginearing AG g Sanuizin swizzero d) AN
Zuvghausstrassa 43, BI04 Zurich, Switzardand 't;;{,-:?;;f 5 Swiss Callbration Servige
Aserodited by the Geins Accrediaton Servce (GAS) Accreditaion vo.. 305 108

The Swiss Accreditatlon Service it ona of the signatories 1o the BA
Multilateral Agreement for the recognitian of caliliratinon cerhicates

Gloessary:

ISL tissue simulating liquid

ConvF sensitivity in TSL/ NORM x,y.z
WA not applicahle or not measured

Calibration is Performed According to the Followlng Standards:

a) |EEE 5td 1528-2003, "|[EEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communicatione Devices: Measuremaent 1 cchniques”, December 2003

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

¢} Federal Communications Commission Office of Fnginesring & Teclnoloyy (FCC OET),
“Cvaluating Compliance with FCC Guidelines for Human Exposure o Radiofrequency
Flectromagnetic Fields; Additional Information fur Evalualing Complizncs of Mobile and
Partable Devicas wilth FCC Limils for Human Exposure to Radiofrequency Emlzsions”,
Supplement C (Edilion 01-01) to Bulletin 65

Additional Documentation:
d} DASYAS System Handbook

Methods Applied and Interpretation of Parameters:
v Measurement Condifions: Further dedails are available lom he Validation Report at the end
of the cedificale. All ligures slaled in the certificate are valid at the frequency indicated.

« Antonna Parameters with 15L: | he dipole is mounted with the spacer to position ils leed
point cxactly below the center marking of the flat phantom section, with the arms orignted
parallel to the body axis.

s Feed Point impedance and Relurn Logs: Those parameters are measurad with the dipole
positioned under the liquid filed phantom. The impedance stated is transformed from the
measurement at the EMA connector to the feed point. The Retumn | oss ensures low
reflected power. Mo uncerainty required.

= Electrical Defay: One-way delay betwaen the SMA connector and the antenna teed point.
Mo uncertainty required,

v SAR measured. SAR measured al the stated antenna Input power,

o SAR normahzed: SAIL as measured, normalired to an input power of 1 W al he anlenna
conneacior.

s SAR fur noming! TSL parameters: The maasured TSL parameters are used to calculate the
nominal SAR result.

Cortificate ho: DO00V2-102_Augld Pags 2ot 8

2010-06-07 Page 15 of 49



Test report no.: 1-1954-21-02/10-A

CETECOM
———

Measurement Conditions

UASY system corfiguralion, aa far a3 ned given on pags 1.

Zoom Scan Resclution

DASY Version DASYS VR

Fxirapolation Advarcad Exirapalation

Phantom Modular Flat Phanlon Wd 8 ]
Distancae Dipole Center - TSL 185 mm a with Gpacer

dx, dy, ¢z =5 mm

Frequency

900 MHz £ 1 KHe

Head TSL parameters

The tollowirg parameters anc caloulslions were applied.

Temperature Parmittivity Conductivily
Nominal Head TSL parametars 220°C 1.5 U mhadm T
. Measured Head TSL poremeters {220 £0.2)°C 404 + 8% 08 bt £ & 'ﬁ'u_
Head T3L temperaiure during test {220E0.2) 0 —_
SAR result with Head TSL
SAR averaged ever 1em’ {1 g) of Haad T5L Candilicn
SAR measurad 280 mW inpul power ZEI MW ig
SAR normalizad narmalied o 179 M2miWig

SAR For norminal Hesal TSL paramelers \

normalizad 1o 19

1.3 m /g 2170 % (k=2}

SAR averaged over 10 con® (10 ) of Head TSI

AR maaturad

SAR mormaliees |

cendidon
250 miW inpul pavwer 100 W { g
normallzad to 1% T20mwig

SAH 1or nominal Hoae TSL parameters |

rormalized to 1W

7.2 mW iy +16.5 % (k=2)

Corbfiezvbe Mo: DOUOVE- 102 AuyglD

" Currselicn 1o nominal 150 paramotess according 1o ) chagtar "SAR Sensitivilies

Page Jof 5

2010-06-07
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Test report no.: 1-1954-21-02/10-A

CETECOM
-

Body TSEL parameters
Thiee filkevasing prianmicles and caloubations wene applied.

Temperatiirn: Pixiumil Livily Conductivity
Nominal Body TSL parameters 22.0'C 5.0 1.5 mhalm
Measured Body TSL pntﬂm.r.lura {F20+02)°C RTei% 1.08 mihewin # 6 %
| Body TEL temperature durlng test {2202 0.2)°C =
EAR result with Bedy TSL
SAR everaged over 1 em” {1 g} of Dady TSL Conditian N
ZAR neas e 250 MV INput powar 28amw fg
SAK nomaliZod normalized to 1W ME5mWig

SAR fu romminal Body TS1 parameiens

T

normalized to W

11.3 mW { g £ 17.0 % (k=2)

SAK averaged over 10 em’ (10 g) of Body TEL

SAR measured

SAR normobzod

GAR for nominal Body TSL parameters =

mwnmaAlived I 18

TAZ2mW /g £16.5 % (k=2)

candition
250 WY inpas poawe 185 m¥/ /g
normalized to 1W T4 m¥W Ig

£ Correction ta namingl TEL sarameters accarding o d), chapter "SAR Sersilivilias”

Certificate No: DI00NVE-102_Aug0s

Page d ol %
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Test report no.: 1-1954-21-02/10-A ctrtcoMm
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Appendix
Antenna Parameters with Head TSL

Impedance, fransfonmesd 1o fesl poinl ] 49801 -42 )2 . |

Ratum Lose ] 275 g8

Antenna Paramelers wilh Body TSL

Impedance. ranslommed o feed peant 45911- 560
Hoturn Loss | -22.8d0

General Antenna Parameters and Design

Flerirical Delay (one divecdion) 1408 ne .

After long term use with 100V radiated power, anly a slight warming of the dipele nesr e Tesdpoinl can be measured

The dipale is made of standard semirig'd coaxial cabln. The canter conductar of the Teecing live s diecily cornpcied o the
sccond amn of the dipole. The anterna is therefore shorl-vrcuiled for DG-signals.

Ne excessive force must be applied to the dipoks arms, because thay night bend o the soldered conmesclions msar e
Iuedpoint may be damaged,

Additional EUT Data

Manutacturcd by SPCAG
Mamufactured on January 24, 2001
Cadilicale Mo DEONP-A08F_Augnd Pore Sof 4
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Test report no.: 1-1954-21-02/10-A w___"

DASYS Validation Rapart for Head TSL

hates Time: 10.08. 2009 12:21:29
Test Laboratory: SPEAG, Zurich, Switeerimd
DUT: Dipole 900 MITa Type: D90V Serial: D900V - SN:102

Communicatiom System: CW-S(H): Frequency: 900 MH:; Dty Cyeles 141

Mediam: 1151, W MHz

Medium paramsiers used, [—900 MHe; o = 086 mbo'og 6 = 4004z p— 1000 kg'm®
I"hantomn seciion: lal Section

Measurement Standard: ASY S (ITELATC)

IXARYS Contiguration,
= Probe: ES3DVE - 33205 ConvFi 588, 388, S.8K 0 Calibraled- 26,006,209
= SemsreSorFace T Ovlechenical Sucee Doweton)
& Cleiivs. AR Sl Caliboasc] 87 03 0606
*  Chanton Flat Phanwm 4.9 Type: OTFEPAOA A Surinl 1HH

® Adwmarcnend SW: DASYS, VAL Duild 120; SEMUAD X Yersion 134 Ruild 45

Pin=250mW; dip—15mm/Zoom Scan (7x7x7VCube 0: Measnrement erid: de=3muy, dv=5mun,
de~5mm

Relerence Yalue — 399 Vi Power Dafll - 0.038 dB

Peak SAR (cxtrapolated) — 428 Wiky

SAR(I g) = 2%1 mW/g; SAR(10 g} = 1LY mWiy

Maximum value of SAK (measured) — 3,27 mWip

iR "
]

PR

BT

-11.4

J 0B =3 Timwir

Canrlifice Bo. CRO0V2-102_Aug08 Fagafore

2010-06-07 Page 19 of 49



Test report no.: 1-1954-21-02/10-A

CETECOM"
C i

Impedance Measurement Plot for Hoad TSL

LEA] =17 11 kR
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Ler '
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|
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18 Aus 2089 dia1Ew4d0
J00.EI3 @00 MHx

- =) et
| = | ] |
- 'R e~ S| = e e | DR - |
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e e = : | _l ' PN i |
Cor | o
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-
| | | |
| - = IS — - | — TEpp—
| = ) e ]
[ [ | |
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Cetlificate Mo RANIVE-102_Aughs

| |
ETOM ¢ L0C.000 GB0 Ml

Page 709
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Test report no.: 1-1954-21-02/10-A CETECOM“’
#;..‘n-n-n

DASYS Validation Report for BEody

Dt ime 1708 20060 10:47.05
Test I aboratory; SPLAG, Zurich, Switzziland
DUT: Dipole 900 MHz; Type: D900VZ: Serial: DOOOVZ - SN:102

Commumication System: CUW 90U; Fraguency: D00 MHz; Duty Cyele: 1:1

Mledivm: WS1O00

Medium parameters used: ©= 900 MUz a — 106 mhom; g, — 52 7; p= 1000 kg:"::nJ
Phantom section: Flw Bection

Mussunzment Standard: PASY3 (IFNGEEC)

I3ASY S Conligu mtion:
®  Prohe: FSIOVI - SHE2003; ConvFi5.81, 5.81, 381 Callbexted: 26.06,2000
®  borsor-Satface: Smm (dechanical Suaface Tesdion)
& Flechromgs: DAL Soddh ] Calibrobed: 07,03 2004
® Phentom Fiet Phantom 90000 ype QIR00PASA &) Sedal; 100]

o Measwement 5% TASYS VA Bailid 120, SEMOAD X Versiza 17 4 Rodld 45

Pin=250mW; dip—15mm; dist=3.0mm/Zoom Sean (7x7x7TWCube 0: Measimement grid-
dx—3mm, dy —Fmm, dv—3mm

Relerepee Value — 58 3 Vime Power Theifi = 0000443 (B

I"zak SAR (extropolated) — 4.3 Wike

SAR(L gy = 288 mW/g; SARD g) = 1L.55 mWig

Maximum value ¢ S AR {measuread) = 357 mW/z

15

(dB= 3. 3Ty

Carfificara Mo: DBOIVE-102_Auals Page 0ol

2010-06-07 Page 21 of 49
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Impedance Measurement Plot for Body TSL
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Test report no.: 1-1954-21-02/10-A

CETECOM
=

4  Calibration report “1900 MHz System validation dipole”

R
Cﬂllbll'ﬁ-ﬂﬂl‘l Laboratary of E, E\:‘f":’t Senweengher Kalibriordicngt
SUHHIM & F_"Hl'tI'IEH’ i e Servics sulges détalonnege
Lngineering AG e S Bervizio sviczere di laratura
Freuyhmmssiasse 43, BI04 Furlzh, Swizerland M Swiss Callbration Service
ke
Acoredited by the Swiss Accreditation Service (343) accreditation Ma.: SCS 108
The Swiss Avcredilaliun Scrviea Is ana of the signatarles ts the £8
Mullilatrsl Agremmsnt tor tha racagniton of calloraten carteatos
Client  Cetecom § ' 1 ! Genlificate io: 01 S00V2-5A008-Aug0e
CALIBRATION CERTIFICATE |
s
Ol D1900VE - SN: 5009 FER 7 |
Calibration procasusals) LA CAL D5 T 2
Calibration progedure for dipole validation kits
Ualitrafion dabe; [Aurgust iﬂ,uzm i v
Canchlaon ol e caklbeatal imm !!‘l Tu]ﬂ| i-jn(,:ﬁ . N

Trla calibration cerifoate dosumats U biecenbilly o retionad sendars, wilsk reglime the pysice et of reaeuramonts [51).
The measuenends ard Bie eoveiailies with confanes pmban Iy are gheOn o6 e Malkevang cages Snd ard par of he cerifizats,

Pririsry Searuiandgs

Podar mabar EPW 4484
Penezr senaor HP B40° &
Halenancs 20 U8 Allesaine
Towzee- M nsrrey 2 coenddeation
Rolorence Frobs ESI0DVS

Cshibraton Equipmcnt usod METE o-iticol for colbrafion)

L=
COIFACIT04
USiTzazTas

SN: AORA (#g)
S S0 2 gy
S0 it

o Date (Calibnted by, Cortificate Mo.)

All selibrafions have been conduclen it e siose lnbmm ony Guclity sl nnmBnt TEMPeENIRe (22 « 2170 and humikity < T2%.

Soheduled Galiluelion

080w -NA (M. 2 1 T-0084R)
NA-Cr-0M (i 71 T-N0NANE)
B-ar L9 Mo, 2T 1025
F0-Mer-Ug (Mo, 21 T-010246)
2-Jun-03 (Mo, CH0-0200 Juni®)
O7-War-03 Mo, DAES-0N_Ma naE)

Chark Dae in o)

Motaok Aralzor HH BTRIE

Calibrabed by

Approved by

Tris cibranicn eeriheats ghall 0ol bo reproduced cxecpt in full withou, wille appeoval of ta laibrabory

Lk EM: gl
Secondary Sandands I #

Prrvser sansor HP 84814 DL SEET A )
AF genarator H&S 51 -08 =N

UEIrida50s CA006

Mamn
| Clarmiin Laaldor

T —

Cerlificate No: DIS00V2-5d4005 Auygs

18-Uct-02 {ir howse chiock Oct 07
4-Aug-99 in hause check Get-07)
13-0t-001 i Fwmiesss 1chiean e -0}

Finmiliir

an Toehiaan

Tk il Martgar

[ 01 F
[ A
Bar 10
Pellar-103
Am-1n
[P L Y

Solwichded Chock
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Slgnziwne

R

lenand: Asguat 19, 2020
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Test report no.: 1-1954-21-02/10-A ctrtcoMm
w

Callbr_at[on Laboratory of jc‘:‘\%llgﬁg_ Sehwalzaricsher Kolibricrdienat
schmid & Parner e Sernce suiges IEtAlONNIgH
Engineering AG g Bervizlo sviezero i laratura
Feugheussirasse 43, Al0d Furch. Swirarand ::i;iff'-ﬂ‘\";}\}* Ewigs Colibrotion Sorvica
“rin e
Apereditad By 190 SMes Accrodkalion Soivion [SAS) Accreditation Ne.: SGS 108

The Swiss Accreditation Service |\ ong of The &ignalories to ihe -
Multilateral Agreement for the iecognition of celibralion certicales

Glossgary:

TSL tissue simulating liguid

ComwvF sensitivity in 15L 7/ NOBM x,y.7
MN/A not applicable ar not measured

Calibration is Performed According to lhe Following Standards:

a) IFFF Sid 1528-2003. “IEEE Recommended Practice for Determining the Peak Spatial
Averaged Specific Absorption Rate (SAR) in the Human Head from Wircloss
Communicalions Devices: Measuremant Technlgues®, December 2003

b) CENELEC EN 50361, “Basic standard for the measurement of Specific Absorption Mate
related to human exposure 10 clectromagnctic ticlds tram mobile phones (300 Ml z - 3
GHz), July 2001

c} Federal Communications Commission Olfice of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofreguency
Eloctramagnehtie Rielda; Additional Information for Cvaluating Compliance of Mobile and
Fortable Devices with FCC Limits for [uman Exposure to Radiofrequency Emissions”,
supplement G (Edition 01-01) to Bulletin 65

Additional Documentation:
d} DASY4S System Handbook

Methods Applied and Interpretation of Parameters:
*  Measurcment Conditions: Further details are available from the Validation Rapart at the end
of the certficate. All figures slaled in the carificate are valid at the requency indicated.

= Anlgnng Parameters with TSL: The dipole is mounted with the spacer to posihon its teed
point axactly balow the center marking of the flat phantom section, with the arms oriented
paraliel to the body axis.

» Feed Point Iimpedance and Return Loss: Thase parameters ara measurad with the dipole
posilioned under Lhe liguid filled phantom. The Impedance stated is transformed from the
measurement at the SMA connaclor to the feed point. The Heturn Loss ensures low
raflectsd powar. Mo uncertainty required.

= Flactrical Delay. One-way delay belween the SMA connector and the antenna feed point.
Mo uncerainty required.

¢ SAlN measured: SAR measurad at the stated antenna inpul power.

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

»  3AR for nominal TSL paramelers; The measured TSL parameters are used to caleulate the
nominzl SAR result.

Canificats Mo: DTYUDVE-5d00 4018 Pago2 ol @

2010-06-07 Page 24 of 49



Test report no.: 1-1954-21-02/10-A

CETECOM
-

Measuremenl Condilions

MASY system confiquration, &5 far a5 not given on pages 1.

DASY Version MASYS VL0
Cxtrapolation Arluancsd Extrapolation
Fhanlom Modular FiaT Phantam Va4
Distance Dipole Conter - TSL 10 mm wilh Spacer
Loom Sean Resolution dx, dy, dz — & mm
Freguency Imﬂ MHz = 1 Mz
Head TSL parameters
The falkowing paramotons and caloulaliona wers appliag,
Tamparature Farmittivity Conductivity
Nurninzl Head TSL paramatars a2 A0.0 1.40 mha'm
Kpasured Head TSL parameters 220 =0.2)°C 0818 % 145 mhoim =6 %
Head TSL temperaturs during test (220 L 0.2) "G — - )
SAR result with Head TSL
SAR averaged over 1 em® (1 g) of Head TSL condition
SAR mzasured 250 mW inpul paves 101 mig
SAN mﬁ'rmli:lad nernAlleed e 180 40.4 My § g

SAN for nomina’ Head TSL paramebes '

mogrialleed o 1W

397 MW S g =100 s (k=)

SAR averaged over 10 em’ (16 g) of Haad TSL Condition
AAR maasuc 250 WY input powar S8 mWig
S54R nommallzed namahzed o 1w 2i1mW/ig

SAR for neminal Head TSL paramclers

normalized w 1W

B1.0 mW /g = 16.5 % (k=2)

! Correction to nominal TSL parameters according fo ), chapler "SAN Sensitivities”

Crlifical= Mo TSRO 2-50008_ Auy0a

Paga 3olv

2010-06-07
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CETECOM
———

Body TSEL parameters

The following paramatars and calculations ware applisd,

Temperature Permitthvity Conductivity
Nominal Body T5L parameters 220G 534 1.52 mhao'm
Measured Bedy TSL paramatars (220 £0.2) % 53918 % 1.57 mhodm + G %
Hody |50 wemperature during teat 220 £0.2) " - —

SAR result with Body TSL

SAR averaged ovar 1 em’ {1 g} of Hody 1%L Gondiban
SAR measurad 20 W input power 10.2 My Fg
EAN normalired mamalized 1o 1W A08 m¥ Iy

SAR for nominal Body | SL parameters

nomalized o 1W

400 mW /g £ 17.0 % (k=2}

SAR averaged over 10 em” (10 a) of Body TSL

sond tion

S8R moasurcd

SAN normalized

SED MW Input poweor

S mW g

nrmlized w 1WA

SAH for nominal Body TSL parameters ©

nomalired ta 1%

21, 3mwWa
211 mW [ g = 16.5 % (h=2)

£ Cewrnclion Ie noemina’ TSI paramaiers according o d), chapier “SAR Sengibvibize”

Cartificate No: D90UNE-Ld00H _Augie

Page 4 o1 9

2010-06-07
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Test report no.: 1-1954-21-02/10-A ctrtcoMm
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Appendix
Antanna Parameters with Head TSL

| Impedunce, transformed 1o feed point 0210+ 1.5]0
| Return Loss - 374 dh

Antenna Paramelers wilh Body TSL

Impadance, tranzfarmsd to fned point 46.1 0+ 2.2
Fetuin | oms - 26/ o

General Antenna Parameters and Dasign

Clectrical Delay {one direction) 1184 ne

Afler lony term use with 100W radiated pows, only & gight warming of the d pele near the Teedpcing can bs measured.
The dipele iz made of standard semidgid coaxial cable. The center cornhmclon al e freding line |z dirastly connecled to tho

accand amm of the dipele. The antanna is thensbore sluml-cinaited for DC-sgnak,
Mo excesslve forco must be applied to the dhipusdes anns, becawse they might band or the soldersd connoctions noar the

feadpaint may be damaged

Additional EUT Data

Manufacured by SFEAG

| Manutaciured cn Fabruary 22, 2002

Cadilicate No: D1900Y2-3d009_Augdd Papge 5ofg
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Test report no.: 1-1954-21-02/10-A

DASYS Validatian Repart for Head TSL

Phadeef Vo (¥ 08 7009 1 3:43:12
Test |abarotary: SPEAG, Aunich, Switzerland
DUT: Dipole 1900 MHz; Type: D900V 2; Serial: DIO0OV2 - SN:5d009

Communication System: COW: Trequency: 1900 Milz; Doty Cyele: L]

Medium: 1ISLL.T71 L BB

Medinm paramelers usced: F— 1900 MITz; o o 1345 whofi, w = 4008, p= 10 kw’lll‘
Phantom scction: Flat Section

Measurement Stancand: DASYS (IEEE/EC)

DASYS Configuration:
*  Trobe: ES3DNG - SR3205; ConvT{SAM, 5.00, 5090 Clibeaked: 06 2006
®  SemsoeSurlace: Jnem (Rachanival Sorface Dietestion)
¢ Theoinmics; AEY Snt00: Calibratsd: 0705, 2009
® Phantom: Flat Pt 50 (0mmt ) Type QDOOOEI0AA; Savizl 101

= Messumoment SW: DASY S, Vo Buld 1200 SEMOCATE X Yasaon (3.4 Boild 43

Pin = 250 10W; dip = 10 mon, scan ot 3.0 mm/Zoom Secan (dist=3.0 mm, probe Odeg)
(7xTxT7 U abe O: Measurcment erid: dx=5mm, dy=3mm, dz=5mm

Reterence Value = 95.6 Vim; Fower Dntt = (1056 dB

Pesk SAR (cammpolwed) = 185 Wikg

SARIL )= 10,1 mW/g: SARITE g) = 328 mW/g

Maximuwn value of SAR (mcasuned) — 12,3 mw i

-1E8

IEY

dE = 123mW:a

Conificala Mo DISCOVI-sdopy Augly Page & ot 9
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Impedance Measurement Plot for Head TSL
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Catifizate No: D900VZ-50N08_aungnd
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DASYS Validalion Report for Body TSL

DhbeS Tumee: PR 2000 153035
Test Laborarory: SPEAG, Zurich, Switrerland
DUT: Dhipole 1900 M1z Type: DTRHIV2: Sevial: D1SMV2 - SN:Sd02

Commumcation Sycten: CW, Frequency: 1900 MHe: Duty Cvele: 161

Medium: MSL U0 BB

Medivin parsmelers used: f = 1900 MHe: 6 = 1,57 mho/m; g = 535 p = 1000 kgin®
Phantom secticn: Flat Seetion

Meusurement Standard: DASYS (IEER/NEC)

DASYS Unonfigusaiion:
* Probe: DAY S SKINE; 4,39, £.59, 4,59 Calilwasl: 36,00 700
® Nenor Suitace: Jinm Mechanical Surlace [Dsleciin )
*  Glociumics: TRAES Snodh; Calitiseed:; 07 03 S00%
*  Phantom: Fat Manom 2.0 (backs Uype: QIMENPAOAA, Sceral 1007

®  Meavwrennenl SW DASY Y, VA0 Huald 0 SEMUAL X Yemion 132 Duild 45

Pin — 250 mW; dip = 10 muw, scan xd 3.0mm/Zoom Sean (dist=3,0mm, probe Odeg)
{7xTxT ) Cube 0: Messurement grid: de=5mum, dv=Smm, de=Smm

Reference Yaluc = 96 Vim; Power Dirift = -0.00504 AR

Peak SAR (exirapolued) = 17.3 Wikp

SAR(L @) = 10.2 mW/g; SAR(LI g) = 533 mWig

Muoximurmn value of SAR (measored) = 1249 oWy

[

A

MdB =17 Sinwhe

LCeritieata Mee THE0OV2-5c000_AugDs P B of &
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Impedance Measurement Plot for Body TSL
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Impedance Measurement Plot for Body TSL
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Test report no.: 1-1954-21-02/10-A

CETECOM
——

Calibration report “2450 MHz System validation dipole”

Calibration Laboratory of

Sehmid & Partner
Engincering AG

Zewghousstroase 449, B0 Zurich, Switzerland

arcradited by the Swiss Accreditation Service [SAS]
The Bwiee Acoredilotion Earvies le ana of the signatories to tho EA
Muttilateral Agreement far the racognition of calibrativn ve lilicetes

B e

Cllent

gms,s.
"'rf':“‘;“* ‘?rm

bk

e |

Sclrveicerischer Kallbriardiansy
SBervice sulsse ddtalonnaga
Servizg gnzoers dl taraiurna
Swite Calibrabion Berviza

Accreditation Mo S5 108

Cerifionic No: D2460VZ-710_Augoa

CALIBRATION CEn'rlFmAT_E"

Cllsjeut

Callbranan procadunis)

Culbraben data;

Candion of the calibrated itarm

*ei-nry Slandernds

OE4snve - BNETAD

QACAL-0EYY
Calibratinn procehure for dipole walidalion kits

August 17, 2000

In Taleranen

Calibwatiomn Frpipmant yaed (MATE critical tor cabbranan)

Tl Nan eCollbraied by, Candicats Mo, |

NAF4

Cailated Ly:

Appuinsal by

128
Puwrer in el FRR-3428 ARATAE0/04
PErmD” SORCOFr HE B4E18 UH2FZ0a733
Hafaance 0 oH Ao alo EM: 5045 g
Twpz M rriamateh conbinetion OM. S24F.2 AT
Muleress Probe CH003 SN, 308

SM: N
Secondary SLnkims 1L #
Menwer sanace HEP 014 h41092517
[T pemendn- RAS SMT.O0 A00CS
Kabaznk Arsatyrar HP E753E b5 Ay S
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ol Lgublcr

| K Fokoue

-0y (Mo, 217 2208
00000 Mo, P17-00089)
M -Mar-009 (o, 217 01025
Al-hiw 0 (P 21T II'_I?'Q}
FE-Jun-00 Mo, 53 5208 Junw)
07-Mar-03 $Mw. DAES 501 _Musa;

Check Dadk fin o)

Thils ewlicration cemfcaty Jocuments the traceaka iy o nuliveal <tundards, which realies the physica! wits of messosrenbs 108
The meagaramants and the uneertaintics with cordidence prosability 2 given uo tha ‘ol ng prugs Ann B PAM af B Coikeata,
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This culibradion cortficene sha | rot be reproduccd aecnpl in "ull willo) willen apgreal of the | aboraloey.
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. ¥ i,
Cahb_ratlun Laboratory of ;_«e*:\_x_.-’fy% & Sehweasriacher Kallbrierdicnst
Schmid & Parner ] S o Somieo suleco détalonnage
Enginesring AG e Servizie svizzene di laratura
Zoughaussbissse 43, 5004 Zurich. Swiizerdand 'vg,jr?—? ki S swize Callbration Sarvice
el
Acoradilad Ly the Swise Avclitn)cn Soovice [S25) Accraditation Me,: SCS 108

The Swlws duwrmrillation Seraiee s nne of the sigremries 1o the Ea
Kullifeleral Agresmenl for the recognitlon of callbratinn certiticates

Glossary:

5L tissne simulating liquid

ConvF sensitivity in TSL/ NORM xy.z
A not applicable or not measurad

Calibration is Performed Accarding to the Following Standards:

a} IEEE 3td 1528-2003, "IEEE Recuininended Practice for Determining the Peak Spatial
Averaged Specific Abzarption Hate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniyuos”, Decembar 2003

b} IEC B2208-1, "Procedure to measure the Spocitic Absorption Rate (SAM) for hand-hald
devices used in close proximity to the ear {frequency range of 300 MHz to 3 GHz)",
February 2005

) Federal Communications Commission Office of Engineering & Technuluyy (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure 1o Radiofrequency
Electromagnetic | ields; Additional Information for Evaluating Compliance of Mobile and
Paortable Devices wilh FCC Limils for Human Exposure to Radiofrequency Emlsslons”,
Supplement C (Edition 01 01) to Bulletin 65

Additional Documentation:
d) DASY4MN System Handbook

Methods Applied and Interpratation of Parameters:
» Measurerment Gonditfions: Further detalls are available trom the Validation Report at tha end
of the certiticate. All figures stated in the certificale are valid al the fraguency indicated.

« Antenna Parameters wilh TSL: The dipole is mounted with the spacer to position its focd
point exactly below the conter marking of the flat phantom section, with the arms orented
parallel to the body axis,

= Feed Poinl Irnpedance and Refum Loss: These parameters are measured with the dipola
positioned under the liquid filled phantom. The impedance stated is transformed from the
measuremenl al lhe SMA conneclor 1o the feed point. The Retum Loss cnsures low
reflected power. Noe uncertainty required.

« Elocrrical Delay: Une-way delay between the SMA connector and the antenna feed poinl,
Mo uncerlainly requirsd,

¢ SAA measurad: SAR measurcd at the stated antenna input power.

*  3AR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
connector.

»  SAR for nominal TSL parameters; The measured TSL parametors are usad to calculate the
nominal 8AR result.,

Loniheale Ho: DE450VE 710 Augld Mag=2af9
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Measuremenl Conditions

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

DASY Version DASYS VE.D
Extrapolation Advanced Cxtrapolation
Phantom Mgduiar Hat Phantcm V5.0
. Dislares Dipole Center - TSL - 10 mim With Spacer
Zoom Scan Reaolutlon dw, dy, dr =5 mm ]
Frequancy 2450 MHz 1 1 Mz
Head TSL parameaters
Tz lulliwwing pauameters and caleulstions were applisd.
Temporature Permittiviby Conductivity
Harminal Haad TS1 paramsters 2OC bl 180 iR
Measured Head TEL parametera eenz02) "G A0 + A% 1 A0 milwym = 6 %
Head TSL tamparature during test 22008 —
SAR result with Head TSL
SAR averaged owver 1 cani® (1 w) oof Heaed TS1 Coneilicn
BAH mensuad 250 mW input power 13T mW iy B
SAR normalizod normlizad to 1V n24AmiWig

SAR for nominal Hewd TSL perarmeirs |

normakizan tn 1

52,7 m¥W /g = 17.0 % (K=2)

S0A avoraged over 10 em™ {10 g) of Head TSL

SAN measured

BMH noomalized

GcondTon
250 v inpul povwer .16 mvy g
nommalized to 1W 48 m g

SAR for neminal Hoad TSL paramaters |

normalizod bo 1w

24.7 mW g = 16.5 % (k=2)

" Correction to nominal 150 paramolers actording to di. choptar *BAR Sanaithvities™

Ueriticate No: D2450V2-710 AwgDa

Page= il a
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Body TSL parameters
1o tollgwing parameters and ealeulationa wara applied,
lomperaturs Parmitlivity Conductivity
Meminal Qw-,- 151 paramelers 22.0°C 527 . 1.85 mhofm
Meosurced Body TSL parameters (220 +0.2) "C RS2 +B% 201 mbwatm 2§ %
El_y TaL lernpreralune during Lest 1225 £0.2)"C — |
SAR result with Body TSL
SAR murrage! over 1 cm® (1 g) of Body TSL Conditon
SAR measured 250 MW input powor 120 mW /g
SMH normolized normalizsd In 1w 520 mW / i

AR for nominal Body TAL pararmtens

nearrriaAlleed By 1A

514 MW gy = 17.0 % (k=2)

SAR averaged ovar 10 em’ (10 g} of Body TSL condition

SAH mMeasured 2EG mW input power 599 mW /g

SAN nomalized nnrmnAlized o 16 24.0 mW i g

SAR Tor roavinal Brdy TSI parameters @ normalized to 1W 239 MW I = 16.5 % [k=2)

* Corroction to neminad TSL parameters accarding ta d), chapter *SAN Senailivilies®

Certificate Mo: D2450V2-710_angos Pago 1 of 9
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Appendix
Antenna Parameters with Head TSL

Impedance, transformed fa fiesd poinl

529000202

Retum Loss

=31.1 dB

Antenna Parameters with Body TSL

Impodancs, ranstesmed to fead point

9.1+ AAJO

Fslurn Loss

General Antenna Parameters and Deslgn

U e

Elecuival Delay jone girection) |

1.150 na

Aller long term use with 10O radlated power, arly 4 elight warming of tho dipole near he tecdpaint can be measured.

The cipode |15 made of etandard romingid coaxal cable. The centar conductor of the feeding ling is dirsctly connected 1o L

gacond arm of tha dipoka, The antennd i thercters ahoit-circuited for DC-signals.

Mr acnasive foroe must be applied to the dipale anns, becauss thay might band or the soldered cooneclions near the

fecdpolnt may be domagod.

Additional ELIT Data

SPEAG

Manufacturad by
Marutacturad on

July 05, 2002

Cerlificate Mo: D242002-710_Augag Fage b ot
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DASYS Validation Report for Head TSL
Date/Time: | T.OR 2004 13-401-44

Tear Lahoratory; SPEAG, Zurich, Switzerland
DUL: ipole 2430 MHg; Type: D2450VE; Serial: D2Z450VE - SNT10
Communication Syslew: CW; Frogueney: 2450 Mz Duty Cyeles 101

Medium: HSLT'11 BB
Modium purameters uscd: t= 2450 Mlle; o = | B mhaim £, =40 12 p = 1000 kgi'n:"'

Plisntons section: Tlat Seclion

Measurement Standard: TYASY S (IEETSTEC)

DASYS Conliguration:
= Probe ER3DW3A - SMNI205; ConyT(1.53, 454, 4.53% Calibraced: 26,06, 2009
*  Semsor-Surface; Smm (Mzchanical Suthce Detecinng
*  Bleatronics: DAES Snbik; Calibriieed; 07,00, 200%

- PMheimivmme Tl Phantom 300 (Froor; Tyepe. QLIMEPS0AA; Serul: 001

*  Mpwwrement 5W: DASYS, VEO Thild 1305 SEMCAD X Version 1204 Duill 45

Fin = 250 mW; d = 10 mm/Zoom Scan (7x7x7)/Cabe (:
Mepsuramant prid: dy=5mm, dy=5mm, dz=mm

Reference Value = 95,7 Vi, Power Dvill = 0,047 JB

Peak SAR (exirapolated) = 20.5 W/ke

SAR( 2) =131 mW/y: SAR(ID o) = 6.16 mW/g

Maximum value of SAR (messured] = L6 mWig

aw
-
-4 3
-Lan
e
ira
2T
0dD - HbmWe
Coemtiliczabe Mo DRASE-T 10 Awgoe Page s ol v
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Impedance Measurement Plot for Head TSL

17 Aug 2089 42vddrM

BT me 10 FE L:LERY A ~RARND B VELER 5 2450.BE0 DOF MHz
ez
il ; ]
. A e
Uel 7 ¥
|J ’ ]
Faar | f | ;"
|
1 1 r‘
T
g \ N i
. \ ¥ /
e \ A, !
\ X,
“ j
——
Cliz2 S14 LG % UB/REF -2B =31.003 dB 2 ANAAGA AR HET
e e == B= ‘r'___.:_,--'—'__'_
B 1 -,
= ol
. J,r
a by
W
16" o
— -
START 7 2RA.AAA ARA HAT N T (T TR TR v
Canificain Ma: TEAB0V2- /10 Augly Page 7ol 9
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DAEYS Valldation Report for Bady TSL
Dhated T 17,08 2008 14:51:57

Test Labwratory: SPRAG, Zurich, Swizerlund
DUT: Dipole 2450 MHz: 'I'ype: DZ4SUV2; Serial: 1245002 - SK-TID

Conumunication System: OW; Frequeney: 2450 MHy; Duly Cyele: 101

Mdeatiam: MSL LD RE

Medium parnmetets used: [= 2430 MHz: &= 200 mhodm; 7 = 550 p = WK kefm®
Phantom seetion: Blat Section

Muasorcient Stndand: DASY 3 (IFEETEC

DASYS Configurtion:
¢ Proho TRIDV] - SN2205; Convld4 31, 430, 4501k Calilaatal. 26062004
s Sensor Surface: Jmm i Mochanical Surliee Detoction)
¢ ectrnecs: [RAES Snbll; Culibroced: OF (3. 200F)
& TPhantoni: Flat hantom 5.0 (hack ) Type: QTRINIPSIANA: Scrnl; 10622

= deasmrement SW: DASYS, V5.0 Bulld 10k sSEMUAL X Veson |59 Buld 23

Pin = 250 waW; J = 10 mom/Zovm Sean (7x7x7 W Cube i
Measurenent woid; da=Smm, dy=3mm, de=3rom

Meference Yalue = 942 Wim: Power Dl = (LOZD A1)

Peak SAR (extrapolaied) = 274 Wik

SAR(L p) = 13 mW; SARD g) = 5,99 mW/p

Maximum value of SAR {(neasared) = 16.9 mW/g

ni

R = 16.9mWig

Crtilcate Mo TRPAGOMZ-T10_Auna Page 8ol 9
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Impedance Measuremenl Plot for Body TSL

iF Aug Zews 17:i1:d7

o4 1yl 148870 & ADAR4 o IR.FIIpH T AGMARG OO0 T
= S
- =
w .." 1.:- -y
J,-' \ j
ual v LS T
¢ ", b

CHZ 3Sil LOg 3 JdBSR =ip_n i:—;jﬂ&ﬁ AR F 4SLAER E meT

Cor —— —— o

o T 7
- NS

ETART 2 256,000 BO8 AHe ATOF 7 650, 600 008 iz

Centiicote Mo: D2450VE-710 AugDd Paged ot 8
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6  Calibration certificate of Data Acquisition Unit (DAE)

Calibration Laboratory

Schmid & Partner
Engineering A

Zoughauesirages 413, 8004 Zurich,

of

Switzerland

Arcrwinen by ™a Swiss Averaditaion Sandce (SAS)
Thie Swlss Auvredilalivn Service is ana of the slgnatorles fo the CA
Multllateral Agresmeni for the recognition of calibrafion sertiflcates

Suhweizarischer Hallbrlerdienst
Sarvice sulsse d'étalonnage
Seorvizio svizors dl tarsturs
Swigs Calibratlon Service

Accredilation N BCE 108

Client Cetacom corineate io- DAETD-477_May09
CALIBRATION CERTIFICATE

Cilajuaa DAFES - S0 000 N3 A - 5N: 477

Colibralion procodurale) Qn CAL-06.v12

Corlilwraskionn chalo

Caonmlilim ol Uee cablnaled ilemn

Calirahnn Fouipmant nsan (MATE

Callbratlon procedure for the data acquisition eleclrunics (DAE)

May 14, 2008

I Tederancs

Thie ealibration cadifzate nocumants The traceabdity o rational standards. which resiee the physical inils of MensUrmenE (31).
| B MOATLACMIEALE ard The 1noertainties with confulanca probahily @ ghan on e Tolloaing sepes s e pel ol Le celilcales.

Al calibrations have hesn conduntksd n iha Snsat lanaraTory (el emdmnment tempersture (22 £ 3)°C and umicly ~ 7%,

cxitieal fne el neation)

Primary Stanclrds D Cal Data {Cortifcata Mo Scheduled Calibeation
Fluke Process Callbrator Tyow T02 | SW 6233803 H=Sepr0E (N, TETA) Serp-03

HKeithley hutimeter Type 2004 SH: DDA0270 30-Bcp-08 (Mo: TETD) Bop 00

Becondary Standande 10 # Chisck Diate (in house) Schauled Gheck

Cal bealor Boo V1.1

| Esalibrased by:

bopeovac by

This calibration curlilcss shall nul be reproduced excepl i ull williood willes mgecwal of B laborabory.

SE LRSS (U AH 1008 (F-Jun-1 {n hoLse cieck)

Namg Funetion
Eric Hninfoid Tachnician
Fin Bomholt RA& Dirachor

Signature
_-d-'-""""j i i ’if..-"
e o = P

In hausa check: Jun-Ce

Issued. May 14, 2009

Cenificate Mo: DAEZATT_May0a

Page 1 of 5
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7 Certificate of “SAM Twin Phantom V4.0/V4.0C"

Schmid & Partner
Engineering AG

Zaughaurstraswa 43, 8004 Zurlch, Switzariend, Phone +41 1 245 27 00, Fax &1 1 245 97 79

Certificate of conformity ! First Article Inspection

[teim SAM Twin Phantom Ya.0

Type No D 000 P4d BA

Seriez ho TR-1002 and higher

Manufacturer f Origin Unlarsee Compasites
Haupistr. B9
H-8559 Fruthwilen
Swizerland

Tests

The series groduction process used alows tha imitaton 1o test of first anicles.

Comghata tasts wera made on the pre-senios Type Mo, Q0 000 P40 AA, Serial No. TP-10041 and on ha
serias firs! anicle Type Mo, QOO0 P40 BA, Serial No. TP-1006. Certain paramelers have boen retested
using further saries units (calted samples).

Test Reguirament ] Details Linlts tested

Shape Compliancs with tha geometry TS CAD File () Firgt arcle,
acterhng o he CAD model, Samples

Matenal thickness | Compliant wilh the reguiramants 2mm +- 0.2mm in Firsl aniche.
gecording 1o the standards _specific arsas Samples

hMatenal Digleslric parameters for required | 200 Mz = 3 GHz Katenal

parameters frequencies Relative permillivity <3 | sample

Loss tangent < 005 TP 104-5

Matarial resistivily | The material has been tested [0 e Liquid lype HEL 1300 Pre-zaries,
coempatible with the liquids dabned in | and gthers accoeding 1 | First adicle
the standards Ihe standard.

Standarda

1] CEMNELEC EM 50361

2} EEE P1528-200x drafl 6.3

131 IEC PT £2209 draft 0.3

("} The TS CAD file is derived from [2] and is alzo within the teleranca raquiremants of the shapas of
[1] and [3].

confarmity

Based gn Ihe samplo tasts above, we cerlily 1hat this item is in compliance with the uncertainly
requiraments of SAR measuremants spacilied in slandard (t] and draft standards [2] and [3].

Data 18112001

' N B
i %/ Schmid & Partner ‘:—’7”7’,,, Sratel =
Signatura f Stamp Englnesring AG

Zerghpunnivanas #3, CH-EDGA Zurleh
'I'IIIII.EI'I'H 4 245 9T Db, Féu +dl 1 A 3279

Dot N G871 = QD 300 P30 BA - B Page 11
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8  Application Note System Performance Check

8.1 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.

8.2 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.

8.3 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 \
Value Distribution |[sor |1g 10g |Uncertainty |Uncertainty |or
19 109 Vef
Measurement System
Probe calibration +4.8% Normal 1 1 1 +4.8% +4.8% 0
Axial isotropy +4.7% Rectangular [V3 [0.7 [0.7 [+1.9% +1.9% 0
Hemispherical isotropy 1 0.0% Rectangular [V3 [0.7 [0.7 [£0.0% +3.9% ©
Boundary effects +1.0% Rectangular [V3 [1 1 1+ 0.6% 1+ 0.6% ©
Probe linearity +4.7% Rectangular [V3 |1 1 +2.7% +2.7% 0
System detection limits +1.0% Rectangular [V3 |1 1 +0.6% +0.6% 0
Readout electronics £1.0% Normal 1 1 1 +1.0% +1.0% ©
Response time 1+ 0.0% Rectangular [V3 |1 1 1+ 0.0% 1+ 0.0% ©
Integration time 1+ 0.0% Rectangular [V3 [1 1 1+ 0.0% 1+ 0.0% ©
RF ambient conditions +3.0% Rectangular [V3 |1 1 +1.7% +1.7% %0
Probe positioner +0.4% Rectangular [V3 |1 1 +0.2% +0.2% 0
Probe positioning +2.9% Rectangular [V3 |1 1 +1.7% +1.7% 0
Max. SAR evaluation +1.0% Rectangular [V3 |1 1 +0.6% +0.6% 0
Test Sample Related
Dipole axis to liquid 12.0% Normal 1 1 1 +1.2% +1.2% 0
distance
Power drift +4.7% Rectangular [V3 [1 1 +2.7% +2.7% 0
Phantom and Set-up
Phantom uncertainty +4.0% Rectangular [V3 [1 1 +2.3% +2.3% ©
Liquid conductivity (target) |+ 5.0% Rectangular [V3 [0.64 [0.43 [+ 1.8% +1.2% 0
Liquid conductivity (meas.) |+ 2.5% Normal 1 0.64 |0.43 |+1.6% +1.1% ©
Liquid permittivity (target) |+ 5.0% Rectangular [V3 [0.6 [0.49 [+1.7% +1.4% 0
Liquid permittivity (meas.) |+2.5% Normal 1 06 |0.49 |+1.5% +1.2% 0
Combined Uncertainty + 8.4% +8.1%
Expanded Std. +16.8% +16.2%

Uncertainty

2010-06-07

Page 46 of 49




Test report no.: 1-1954-21-02/10-A

CETECOM
s

Performance check repeatability

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

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

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

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

Uncertainty

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

failures or incorrect parameter settings (e.g., wrong probe or device settings) will lead to unexpectedly high
repeatability deviations. The repeatability gives an indication that the system operates within its initial
specifications. Excessive drift, system failure and operator errors are easily detected.
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8.4 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.
. MB r
Signal Low , cable
Generator > Pass I:An?; 1] : @

An2

® —=—(m) (o)

) —==
Dipole

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

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

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

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

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

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

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

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

8.5 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.

8.6 Additional system checks

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

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

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

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