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Test report no.: 1-2977-79-02/11

2 Calibration report “Probe ET3DV6”

ﬂﬂ" hl‘aﬂun Lﬂbmtﬂr}" 'ﬂf 5 Schwirizorischor Kalibrierdienst

Schmid & Partner Service auisse déalonnagn
Engineering AG g Serviio svazero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzeriand Swiss Calibration Servico

Accradibed by ihe Swiss Arcrediaion Sorice [SAS) Accreditation Mo.: SCS 108

The Swiss Accreditation Service is one of the signalories to the EA

Multilateral Agreament for the recognition of calibration certificates

CALIBRATION CERTIFICATE - |

Otfect 'ETADVE - SN:1554

Catibration procedurads) QA CAL-01.v7, QA CAL-23.v4, QA CAL-25.v3

Calibraticn procedure for dosimetric E-field probes

Caliration date May 11, 2011

This cakbratian cenificaty documents Ihe aceabilty 1o nafonal standands, which realize the phrysical units of measuremenis (81}
The measuremants and the uncestainlies with confidence probabilty are given on the foliowing pages and ars pan of ihe cardificale

Al calitwaticns have baen conduciad in i closed laboratony Tacilly, smdronmant termpermium (22 2 31°C mnd humidity < T0%

Calbraton Equipment used (METE cilics| for calitration)

Primary Slandards 0 Cal Dato (Cartéicale Ho.) Scheduld Calibalon
Power moetes E44198 GBA12036T4 Ii-Mar-11 (Mo 217-01372) Age-13

Power sensor 44125 MTY4 1498007 1-Mar-11 (Mo, 217-01372) Ape-12

Reference 3 dB Alerualos SN 55054 (3} 20-Mar-11 (Mo 217-01368) | Ape-12

Reforence 20 o8 Atenuator SH 550846 (M0m) Fa-Mar-11 (Mo, 217-0138T) Ape-12

Roforence 30 dfi Atlenuabor SN 55129 (30n) 23-Mar-11 (Ho. 217-01370) Apr-12

Reference Probe ES30V2 SN 3013 29-Duc-10 (No. E53-3013_Decil) Doc-11

DAES SN 654 FMay-11 (No. DAESBES May11) May-12

Sscondary Slandards 0 Chack Dale [n housa) Bchoduled Check

RF genorator HP BE4BC US3642U01700 d-Aug-20 {in houss check Oct-09) In housa check: Ocl-11
Mobwork Analyzar HP BT53E US37 300565 18-Oct-01 (in house check Oct-10) In howss check: Del-11

Marmay Function

% . AT vatory Techeician

|ssued: My 13, 2011

This calibration cortificate shall not be neproduced excepl in Tull withoul wiitien approval of the Wboralony.

Cortificate Mo: ET3-1554_May11 Page 1 of 11

2011-08-18 Page 3 of 60



Test report no.: 1-2977-79-02/11 CETECOMT“
o

a . i, L L
Calibration LﬂbDTﬂtDw of ;»:'_“Q}_Q’z_ g Schweizerischor Kalibrieedeenzi
N A S

Schrd & Parlner 5 e C Swrveco suisse d'#Hzlonnage

Engineeriry AG g g Serv.Zin swezaro di laraldra
srughauselrasse 43, A4 Durceh, Swizoelpnd -:'ﬁ-.'f:-_"\\-}} Swiss Calibrairon Service

B Lt

Accredited by Ibe Swess Acoedilanar Sovice [BAS) accreditatlan Mo SCS TﬂE

Fhe Swizs Accreditation Serv.ce s ane of [he 5 gnatories 1o Ihn EA
Muitilateral Agreemend Par ihe recogadion 21 callbrafigo gpr fizakes

Glossary:

5L L s spmeluting figuid

MORMz .7 SRSty in free s0ace

CarvF sersihvity in T5L S NORMxy.z

DepP diode somprassor ooirl

CF orest lactor (1fduly_cyeiry of ine RF signad

ARG MoAlaticn Copendant Ineanzation paramelers

Falansalion @ v rolalicn arocand probe axs

Paolanzatian & A rotation arpund an @xis Fotos in the plane normaol 10 probe 25is (a1 reasuremer] centerd,

e, # = 0is racmal b probye axes

Callbration Iz Performed According bo the Following Standards:

a) [EEE Sid 1228-2003, "IEEE Recommerdsd 2Praches for Delgnntin:ng the Peak Spacial-Averaged Specilic
Ahsorplion Rale {3aF L the Human blaad rom YWire s55 Commun-cations Devicas: MMeasurement
Technicues”, December 2003

b1 LB B2200 1 TProocdand 1) medsure e Specific Absorption Rale (SAR) dor hand-held devices waod inc'ose
proximily lo Lhe ea- {fraquency range of 300 MHz 1o 3 Ghz)", Feb-uary 2005

Methods Applied and Interpratation of Paramaters.;

«  MNORME 2 Assessed for E-field polarization § = O [F < 300 MH7 in TEM-cell; f = TAOD MHz: R22 wavaguide].
WOR Sy 2 are orly ivleesadiale valugs, 1e., the urceraintes of NORNx, y, & does nod a%ect tha £ ¥-lield
uncertainty inside TSL {see balow CanvF:.

*  NORMT ez = NORM w2z * fraquangy regtonse {see Frequency Response Cnatt). This neatization is
implennEntad in DA85Y 4 soliware vesions later fhan 4.2, Tke uncertainty of 11e ‘requency rezponss is ircluded
in ne stated uncataicty af ComeF.

= OCFx vz DCP are numer cal nganzation aa-amcters assessed based on Lha data of pawer sweed win TV
signal [no ur cerlairly required;. DCP does net deperd on frequency nar media.

«  PAR:PAR is the Peak to Average Ratio hat is not cghorated bul dedermined besed on the signal
characlenstics

o Ax Pz Bez £y 7 are numeccal iFearizahan paramoiees in oB assessed based on the data of power
sweep lur specl-c modulatian s.gnal. The parameters do net deperd on requercy nor med:a.

¢ VRCVE iz ke validity range of the calibration relatec 10 1he averpge diode voltage or EFAE woltage in my

+  LenvF and Broondsnye E¥ect Parametess: Assessed n flal phantom wsing B eld (or Temperature Transter
Standard lar | £ 390 MH2) and inside waveguide using aralytzal field distributior s based on powar
meascraments for > BO0 MHz. The same selups are ugad far assessment of the paramaters applied far
bcur dary Sorepensation [alpha, depih? of whizh typical unceainty values are given. These parameaters are
Leedl in DASY scftware o imorgve D70 08 Jeeuracy clase o the boundary The sengilivty i TEL correspands
1o WNORMx,p.o = ComnvF wiereby the uncedainty carmespanids to thas given for CorvF. A Ilequency cependent
CanuF s sed in DASY version 4.4 and fgiie whict 2'lowes extersding e validity Fem £ 90 MHz 10 L 167
hHz.

»  Sphencal schary (30 dewatan oo sotroogs na biekl of . ow Gradierls seahsed us-ng & flal phantom
expased by 8 palch arlerna.

*  Sansor Ofsal The senzor offset coeresponds o dre offsel of viflual measure ment center from the proche o
ot probe Sxis). Ma llerance récured.

Cemificala Ma: ET3-1554_May11 Aago Zat 11

2011-08-18
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E1ADWE - S a5 May 11 201

Probe ET3DVG6

SN:1554

Manufaciured: Octaber 16, 2000
Calibrated: May 11, 2011

Calibrated for DASY/EASY Systems

ihele: man-compatible wilh DASYS syslam!)

Ceihicala Wo: ETA-1554_May11 Parg 3¢ 11

2011-08-18 Page 5 of 60




Test report no.: 1-2977-79-02/11

CETECOM
s

ETIDWVE- 31554

Way "1, 20011

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1554

Basic Calikration Pararmeters

Sensor X Sgnsor ¥ Bansar I uns [k=2} |
Nerps fuodimg s T 147 152 135 20T %
OGP [r]” gan” 7 avs | 100 ¢ '
Modulation Calibration Parameters
] | Commu nieation Syttam Name PAR B B ' YR Ynct
. . dB g8 de m k=2
c00 jow 00 | x | coo A 0 | 12 | 2T
Ty | e .00 A | 1341 '
7 |_900 .00 1TIF | |

The reported uncertaindy of measurament is stated 25 the siandard uncedaindy of measuremant
mulliplicd by the coverage factor k=2, which for a nammal distributior corrcsponds to a coverage
probability of approximately 955,

* The uereelandes of Mensi® T Z K re Al (e E i o Loceslatily irsoe TSL (see Pages 5 oamd &),

* buierisid Kavaicalion paramuler: mee-1a qly Ao? reg Jired

F Linco-tainty 15 ONlSMMIFGG L5ING 130 MAK dnwnd ar i inear espotse applsng rospiglar d.etnbahon ans o nxpressed far Ihe squarn of he

fad uaae

Cernficale B, FTHIS54 Maytd

Pageaal 11

2011-08-18
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Test report no.: 1-2977-79-02/11

CETECOM
b

ET30ME- Si:155a

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1554

Calibration Paramcter Determined In Head Tis

sue Simulating Media

Mav 11 2011

. Relatlve | Conductivity : | Dapth linet

__E{MBbzt Parmitt vty [Bmd ConvF X | ConvFY | GonyFZ  Alpha ! j{mm) {k=3)
B35 415 0,90 ) .89 B.83 pAv . 201 PRENE
a0 1.5 007 E.75 5 76 E.76 L] 2.0 +92.0%
1550 421 1.57 541 541 541 | 03@ 254 £12.0%
1564 400 *.40 516 515 5.7 038 251 £12.0%

" Frequency walidily ef £ 100 MHe onty azalios far DASY vi.¢ ang highr (5ee Page 7). lsa it s msliced 1o = 50 MHZ, Tre LAECanly i U FLES

& e Care™ Lreerlanty b caht e andrequensy ard Ihe orcerairgy [0 e ndicaied Megueaty Sarkd

" a1 Parunaing By 1 GH2 0 validibe of fesue porameten s o ard a) can b elieed Iz MHEE quid campeegalica doomala s 3 a0les

maisured SAR va'uuz AL iequeracs aumes 3 OH IR v it Ty of lisses pararialent (o and n b esiecker 1o 2 5%, The orcedaniy s Ikn 255 of
IFr Gane® ancaranly ‘oe ndleiad (e n e sareaeters,

Certibcate Mo ET3-15%4_Way 11

Paga 5al 17

2011-08-18

Page 7 of 60




Test report no.: 1-2977-79-02/11 CETECOMT“

FTAWE- Sik:1334 My 11,2001

DASY/EASY - Parameters of Probe: ET3DV6- SN:1554

Calibration Parameter Determined in Body Tissua Simulating Media

Eelatlve Cnndu:ti_'uily ! Depih Pnek.
fiMHz) " Fosritfivigy ' {wm)” | ComwF X | ConvF Y ConwF 2 | Algha {mm] k=2t
.. a3s B2 107 . BYS B.75 575 0.43 2.09 +12.0%
=l RE.D 108 5. E 558 | B.ES 1.28 2.38 *12.0%
_____ 1750 53.q 143 472 a1z | 4ar2 247 3.0 + 12,0 %
1900 £33 | ‘5% 4.42 442 4.42 0.48 299 +1200%
2156 £3.1 I - 4.28 428 | 4.23 .44 2.57 +12 0%

® Frequency vabddy ol = 100 ME: only upa’us far DASY we 4 ard highar (5Ra Page 21, Bl5e s rastled 1o+ S0 MHL The wrera riy i@ 1 RSS
2 I CgnwF ungemoily 8t calirot on Yequnrcy and the Lncetaingy lor b indizaled aquendy Band,

' At Brenue i beiow 3 GHE. U valehily of i3sur parameieg |5 and m) £an be ralared 10t 10% 4 ijuwed Comecnsaten e s apphes 1o
mrwnLred S0H walpos A1 Pegquesdcs abave 3 Gl ihe walidily of 215508 paramalers 1. and o) 5 rAslacied e 4 5%, Tne cicenanky e IPe RES ol
IFp CarF anccmaiesy 02 mdicalbes large Lsser aarg melos

Ceilcate Wo: ET3- 1554 May i1 Page & af 11

2011-08-18

Page 8 of 60



Test report no.: 1-2977-79-02/11

CETECOM
s

ETA0E- SN 1Led

Fregjuancy “osporse (normalzec)

=
)

tay 11 3011

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

! Rk
TTTT TTTT

IFTTTITT

110

o)
fte)

o
o=
[

=
[}
IrIrirr gy

o
th T
O

N A R U T (N I I SR

i T T - ;
500 13032 1300 2000 2500 000
f [MHz]

& 75

Uncertalnty of Frequency Response ol E-fiald: £ 6,35 (ks2)

Carifcate Yo ET3150_May11 Page F ol 11

2011-08-18

Page 9 of 60
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Test report no.: 1-2977-79-02/11 “’”aﬁg__u

ET3DWE- SM:1554 May 11, 2011

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz R22
[} o . L3 L] o . .
Tal X Y Z Tk X Y i

i
Rol[]

|'.|I-'-;!‘|.r!|." u-.:i'ﬂ'l: Iql'l'.l!E'H.: ."‘.l.'ﬁ._'jrl:

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

Corificate Mo: ET3-1554_May11 Page Bof 11

2011-08-18

Page 10 of 60




T
Test report no.: 1-2977-79-02/11 “EQM

ET3DVE- SM:1554

Input Sigral [ul]

May 11, 2011

Dynamic Range f(SARpead)

(TEM cell , f = 900 MHz)

108y

10°+4

10 1o 1! 1ru iy 10
SAR [mWicm3]
Ll ] LY
X compensatad X not compensated ¥ compansated
*

] [
¥ not compensated Z compensated Z not compensatad

!
A+ -»
| W
i & e Bl i
10 10 10! 1oe o 108
SAR [mWWiem3]
L] - L
X compensaied X not compansated ¥ campansated
.- ] Lo}
¥ not compansated £ compensated Z nof comipansated

Uncertainty of Linearity Assessment: £ 0,6% (k=2)

Centificata Mo; ET3-1554_May11 Page 9ol 11

2011-08-18

Page 11 of 60
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Test report no.: 1-2977-79-02/11 “’_EQM

ET3DWVE- SM:1554 May 11, 2011

Conversion Factor Assessment

f= 1900 MHz WGLS R22 (H_com) i = 800 MHz WGLS RS (H_comF)
L i
I 18
£ | ]
i 26
- . -
0] N
I "l
a1
m " ll"- o = " &0 ";‘- m F- xn L - -
1 fmem| 7 ]
L 1 -l Bl jL ¥
ki sl e i ]
Deviation from Isotropy in Liquid
Error (¢, &), f= 900 MHz
-10 -08 -06 -04 02 00 02 04 06 08 10
Uncertainty of Spherical lsotropy Assessment: £ 2.6% (k=2)
Cartificate No: ET3-1554_May11 Page 10 of 11

2011-08-18 Page 12 of 60



Test report no.: 1-2977-79-02/11 CETECOMT“

ET3DWE S 1554 May 17, 2011

DASY/EASY - Parameters of Probe: ET3DVE - SN:1554

Other Prabe Parametsrs

Sensco Arrangement Tha ngm
Conneclor Angle [ T Melapplizable
| Mechanizal Surface Deteetion hade ' cnatles
Opfiza Surace Deleclion Moce h T T eradled
Frohe Dverall [ength ' ’ 357 mm
Peche Hody Diameler ' 10 mm
W T *0mm
Tip Dameta- ' LT Goem |
Froba T°p 10 Sensor ¥ Caimrahor Poinl o T E Y eam |
Probe Tip e Senser ¥ Calibration Poml T 2.7 mm
| Prohe Tin to Sensor 2 Galibraken Point ) Z.7 mm
Recommendes Measuremerd Distancs from Surface ' o amm
Cerihicale N FT3 1554 May11 Tage 1100 11

2011-08-18 Page 13 of 60



Test report no.: 1-2977-79-02/11

3 Calibration report “Probe ET3DV6”

Calibration Laboratory of
Schrmid & Partner

Engineering AG
Zaughaussirasse 43, 8004 Zurich, Switreriand

s Schwobzerischer Kalibriordienst
Sorvice sulsse d'#alonnage
Servizio svizzero di taratua

s Swiss Calibration Service

Accredted by the Swiss Acoreditation Service (SAS) Accreditation Mo, SCS 108
The Swiss Accreditation Sorvice i one of the signatories to the EA
Multilateral Agreement for the recognition of calibrathon cenificates

client  Catecom Cartificate Wo: ET3-1559_Jan11
|EALIBRATIGH CERTIFICATE

e

Otoct ET3DV6 - SNi1558

Calibration procedures) QA CAL-01.v7, QA CAL-12.6, QA CAL-23.v4 and QA CAL-25.v3

Calibration procedure for dosimetric E-fisld probes

Calbraston date: January 19, 2011

This calibration certécale documenis the ireceabilty to national sisndards, which realize the physical units of maasuremants (58
The measwemanis and the uncamtainiss with confidence probabiity are given on he following pages and ame part of the cerlifcabe.

All calibrations have been candiscied in the cdosed laboratary facilty: snvironment iemperatune (22 & 3)°C and humidity < T0%

Calivration Eqapment used (MATE oritical for calibragion)

Primary Standards D# Cal Date {Certificats No.) Schedided Catbration

Powes metor E44188 GBA1 283874 1-AprA0 (Mo, 217401 1348) Apr-11

Powed sensar E44124, MY4 1485277 T=Apr10 (No. 21701138) Apr-11

Powar sonaor E44124 MY4 1408087 1-Apr10 (Mo, 247-00128) Apr-11

Radarence 3 dB Afienuaios BH: 55054 (3¢} 30-Mar-10 (Ma. 217-01159) Mar-11

Referance 20 dB Athenunbor SN 55086 (206) J0-Mas-10 (Na. Z17-011681) Mar<11

Rederence 30 dB Attehuabor BN 55120 (208) 30-Mar-10 (Ma. 217-01180) Mar-11

Refarance Probe ES30NZ SM: 3013 28-Dec-10 (No. ES3-3013_Deo10) Diec-11

DAE4& M. BBO 20-Apr-10 (Mo, DAE4-B80_Apr10) Apr-11

Secondary Slandands IDe Check Dale (in house) Scheduled Chack

RF generaios HP BE4AC LS3842001 700 4-ALg-89 (in house chack Del-09) In house check: Ocl-11

HNetwork Analyzsr HP BTS3E LIS37380585 18-0ct-01 (in house check Od-10) In heouse check: Ocl-11
Mame Fumnchicn

Calibrated by Jeton Kastrat Labaratary Technician

Appeoved by Katja Pokovie Technical Managsr

Issuseid. January 20, 2011

This calibration cevtificaie shall nal be reproduced exmcepd in full withcut written approval of the laboratory,

Coertificate Ho: ET3-1559_Jan11 Page 1af 11

2011-08-18 Page 14 of 60



Test report no.: 1-2977-79-02/11 CETECOMT“
o

Calibratian Laboratary of e:&“‘@:”'ﬁ.-} IS & Sehwoizarlsehir Kabbricrdion
sonmid & Partner ;ﬁﬁ i g B C SZervice suizse d'élalonnuge
Ergineering AL T g I'Q_/Y“_s ! Aarvizio BVIZEerG delaralura
Zaughawssirasse £3, BI04 Zurich, Swlizerlang -;z"i/ﬁ\\"}; (i 1=]% 5 Swles Satibralion Serads
Bggred ted wy [he Sty Aoaedil3on Teras (A5 Accroditatan Ha: S5 108

The Swiss Actredilaticn Service i3 ane of Lhe signatortes 1o the EA
Blultilalersl Agraement lor the recagarsiian of calibralion cartificales

Glossary:

TSL | ssue simulating Louid

MORM: Yy, 2 sensiktivly 19 free space

ConvF sersitivily in TS ¢ NORMy, 2

DeFE Jiode campression paint

CF cregt Bactor g0ty _aysie) of the BF g'gnal

A B C medulation depernden? linear zation paramelens

Palarzation < a ratalen arcund prone axis

Palarizatat 3 @ p0tahen around an axs shal 15 e plaece aonmal 1 probe s {87 Measuremen: cen'er;,

Le, 1 =10is rormal o probs axis

Galibration is Performed According to fhe Following Standards:

a) |EEE Sid 1528-2C032, "IEEE Resarmended Practice for Detemmining it Peak Spatial-geeraged Specl s
Abzorabon Bate (SAR) 1 th Hurman Head frem wircless G amnmiunications Devices: Measuremerd
Teekniques™, Oecembe- 2000

by IEG 622051, "Procedure by msssuty tha Spesilic Abserplien Rate (SAR) far hang-Fek] dew:ces used 'n close
proximity 1o the ear {Freqiency range of 300 MHz j0 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

v NORME 2 Rsseseod o E-Actd palanzation & - O (f = 360 MHz in TEM-cell; F = 1800 MHz: R22 waveguide).
WO R x,y.7 are arly intermed ale valLes, i.2.. e uncera nties of NORMs .z does r01 elfect lhe B e d
unesriarly msde [SL (sea below Camd .

 NORME p = NORMx v 2 " lrequency. resporse (see Freguency Regponse Charl). Thas incacizahon is
implermented in DASYs soflware versions later than 4 2, The uncerta my o7 1ng feequer oy response is iroluded
in the s’ated uncetainty of ConvF.

o OCPx p 2 DOP gre numernical linzarzalion pasarelers assessed hased on 1ne dala of power sweep wilh CW
signal (nt uncedainty required}. DCF daes el depend a0 Inéguancy nar media,

= AxyZBRyZ, Chpz VRe W 4, 8 C 8te nurer o linsarization paramelsrs assessed oazed on the dala of
pawer sweep for specific modalatn 2ignal. The aarametess do nol depend on frequersy nor med a. YR iz The
maximr:um calbration range expressed in RME vollage acrass e dedoe,

=« CanuF and Roundary Sifect PRramglers; Asgessed ir a1 phantom ueirg E-Feld (or Temperalu e Transfer
Slardard for © £ B00 MH:) and insa waveguide using analytical feld d-si-ibations based on power
measyrements far f = B0G MHz The same selups are used for assessment of the paramaters app'ied fe-
Boundary cempensation (2lpha, depth) of whch bypical uecrtainty valocs aec given. These parameters are
uged n BASYE softwaee 1o imorave probe accuracy close 10 the bouncary. The sensilivily in TSL corresponds
la NORME, vz * ConeF wheraby the uncertainty corresponds Lo thal give far ConoeE . A frequency cependent
CoanvF 13 used 0 DAY vorsion 4.4 ard kg ner whech allows estendicg the walidity from + S0 MHz b £ 100
MHz.

v Sphedeal csatrapy (30 dewiation from isotoge). in 3 et of o gracients realized using & flal phanlom
expased by a patch antenna

v Sengor Offsol The sensor afset corraspends 10 e olfsel of virtual reasuremanl eerler from the kehe1p
[or probe axish Mo tolerasce required.

Cerl ficale Mo ET3" 883 _Jan1l Aage 2ot i1

2011-08-18 Page 15 of 60




Test report no.: 1-2977-79-02/11 CETECOMT“
o

ET3DVE 5N:1559 Janyary 149, 2011

Probe ET3DV6

SN:1559

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

Calibrated for DASY/EASY Systems

(Mota: nor-compaliche with DASYZ =yestam’)

Carl {eale #o ETI-1538_Jan 1t Fage 3ol 11

2011-08-18 Page 16 of 60




Test report no.: 1-2977-79-02/11 CETECOMT“
o

ETI0G SH:1559

Janwary 18, 2011

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

Basic Calibration Parameters

Sopsor & | Sensor¥ | Sensor Z |Unc (k=2)
Morm [wvivam) 1.79 - 5g 164 | 101%
OCP (i) 35.49 7.4 963
Modulation Calibration Parameters
ILIID Communicalicn System Name ' PAR, A B c VR Unck
: dB By my {k=2]
1onnn Cwy Q00 kS AH 0.00 160 1321 t %%
¥ a0 0 M e 13T E
Z 0.0 2.40 -] 1283

The reported uncerainty of measuremeant is stated as the standard uncerlainty of measuremant rmgitiplhed
By Ine soverage factor k=2, which for @ normal disteibubion sarespands ta & coverage probability of
approdimataly 95%

* Ve Lrcariaates of Mormi V.2 @ oG afeel tha O lisd urceranly suee TSL (564 PAgks §ann 5]
8 Wi | rea1zaan PArAMEIT IPGEIATY o imyued

® Unaaraaly o2 delnrn e g D i mon deaata IR Heaar ressnnsg ek recalang g et ded s tepressed for the squace of e fick vake

Dl ficute Mp ET5-1555 sa111

Pagrdal 11

2011-08-18
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Test report no.: 1-2977-79-02/11

CETECOM
s

ET30VE SN:1550

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

Calibration Paramecter Dotermined in Head Tissua Simulating Media

I [MHz] Val!iﬂiit[ﬁ_'.lizf Farmittivity

430
B3E
oad
TR
VECD
2480

+ 501 16D
£ 5O 2 100
T 530 =100
30 =100
+ &0+ 100
1 50 £ W0

January 18, 2011

Condagtiviny . ComwF X CopwF ¥ LonwF & Alpha Lepth Unz {k=Z}
LIRS 0.BY + 5oy 7.9 T8 ¥.28 0.8 207 2 13.3%
a1 51 5% 090 = 5% B33 533 6335 2.2% RN R
41 5 k0% 097 £ 2% G20 .20 B & 0.3 300 2 11.0%
407 £5% 1.37 £ &5 524 G248 526 0.73 168 £ 11.0%
40.0 = 5% 1.40 k53 502 .02 5.02 .79 160 £ 11.0%
3045 180 £ 5% 4.4 i 436 073 202 2 11.0%

= That wainly 30+ 160 MHL orey wpeces Tor DASY w68 ard fgher (oo Pane 23 The urcenionby s Ihe RSS of ke Cored ancertacsy 2t sakbealan feocsas,

ang IFe urcerawly for ke rd cased irequency sand

Cegtilicale No: ET2 1555 _Jan11

Page 5ol 11

2011-08-18
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Test report no.: 1-2977-79-02/11 CETECOMT“

ET3IOVE SN:1559

DASY/EASY - Parameters of Probe: ET3DVE SN:1559

Calibration Paramcter Datermined in Body Tissue Simulating Media

January 1%, 2011

f [MHiz] Validily MHz]"  Permittivity Conduclivity CorwF X CanvE¥  ConvF 2 Alpha  Derth Une {k=2)
430 1 B0+ 100 SET 4 Ot & 5% T3 173 T3 012 207 +13.3%
X + Gt = 10 S5 p5% 097 £ 5% 5.22 E.22 522 0.25 2HE 211.0%
a0 = 5042108 S50+ 5% 1.95 = By &40 610 £.10 asg PET 211 0%
CTal £ 5200 5341 5% 148 & 55 458 4 66 4 58 0.rg 2.58 £ 11.0%
1300 =507 =100 933 4 5% 152 £ 5% 4.40 LR H] 440 .73 232 2 .0%
2450 t 4807100 G527 2 5% 15952 5% 3.5 3t L {./0 300 4 91.0%

" The valihiy 0l & 00 WHE oy apales foc LT - £ ane Fabcriscs Pagd 21 The ansarm alp s (ke B ol the CoaeF oaaemie iy Al calfedse: hequercy

aH IFe Lrcedaerty for Ihe incalod feaqeeniy et

Cer ficale Mgy BT 105 Jar Jape Bl “1

2011-08-18
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Test report no.: 1-2977-79-02/11 CETECOMT“
o

ET3DVE SN:1559 January 19, 2011

Frequency Response of E-Field
{TEM-Cell:ifi110 EXX, Wavequide: R22)

Froguoncy responsd |nomalized)

1
i

! a S50 1000 1580 il laeil itk [ I
‘ T [MHz]

—&—TEL —0—rz]

Uncertalnly of Frequency Response of E-field; £ 8.3% [h=2}

Carhf cabe Mo: £ 131559 Jan15 Faga F i1
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Test report no.: 1-2977-79-02/11 WCOM
s

ET3DVE SN:1559 January 19, 2011

Receiving Pattern (¢), 9 = 0°

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

—o—i a7 e —O—Tx ——) == =) 0T

1.0

0.6

(1]

0.4 ] 6 I O 1 I ] ]
oz [ Tl . Jili] || ZEEes
- N —— 0 M2
i, TR s DO L B,

04 ] | =il 00 MV

-0.8 14 e 1200 MVE

0.8

1.0

o &0 120 1 240 300
o]
Uneertainty of Axial Isotropy Assessment: + 0.5% (ka2)
Cavtdficate No: ET3-1550_Jan11 Page & of 11
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Test report no.: 1-2977-79-02/11 CETECOM"'
w

ETIDVE SN:1559 January 19, 2011

Dynamic Range f(SAR;..q4)
(TEM cell, f = 800 MHz)

1.E+08

1.E+05

1 E+04

1E+3

Sensor Voltage [LV]

1E+02

1.E+D1 ¢

1.E+00
0.001 0.0 o1 1 10 100

SAR [mWiem’]

—_— B Ecoer —8—Y —W—Yoor —8—7 —8—7con

2.00

1.00

G001 om 0.1 i 10
SAR [mWiem’]

Uncertainty of Linearity Assessment: £ 0L6% (k=2)

Carificate No: ET3-15658_Jant1 Page @ of 11
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Test report no.: 1-2977-79-02/11 “Egg__”

ET3DVE SN:1559 January 19, 2011

Conversion Factor Assessment

f = 1750 MHz, WGLS R22 [head)

f = 900 MHz, WGLS RS (head)

F200

SAR[mWlem'] /)

z[mm]

=8 Anaiytcal —9—Masauramersi —— hragton —r— U rm—arty

Deviation from Isotropy in HSL
Error (4, 8), f = 900 MHz

.
\\ 1.6
-llne.
08
e 04
8 S 0.2
45 11}
0.2 =3
f4 =
48
08 E
A0
(']

-1 000 80 -0 800 50 -0 600 &40 W-040-0 20 @0 200 00
O0D0-020 EeN-04) DO40-060 E0E0-060 EOBI-100

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

Cartificate Mo: ET3-1550_Jan11 Page 10of 11
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Test report no.: 1-2977-79-02/11

CETECOM
s

ET3Dva 3N: 1555

Other Probe Parameters

January 19 2011

Sersar Afrargement 1niangular)
Connectar Angla [} Mot aoplicable]
Mecamcal Suface Doleslion Mode enablec
Optical Sudace Celection Mode enghled
Prabe Cverall Lengih 337 mm
Frabe By Dizmealer 0o
Tip Lergla “Dm
Tp Diareler &8 mm
Probe Tid b Sensor X Cahbratan Paint 2.7 eam:
Frabe Tig 1o Saensor ¥ Calibration Paim 27 mm
Probe Tip Lo Senccr Z Cahbralan Poinl 2% mm
Fecommerded Measuremen; Dislange o Suface 3.

Ceri'izote Mo ET2-1553_lan1 Faga 11 af 41

2011-08-18
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Test report no.: 1-2977-79-02/11

CETECOM"
C i

Calibration report “900 MHz System validation dipole”

Galibration Laboratory of SN, ZQNSSY, g Schwsizerischer Kalibrierdianat
Schrd & Parlner = % s o] Sorvicd sUlsse d etalpnnage
Enqinﬂﬁ"ng AG T T T 5 C EannTin eUirrero di taratura
FrughaussIrasss 435, B8 Zurich, Swirrerand 'r{_nl‘}:\“ll oy ?@Rp‘_‘. /S  SuwsscCabbeation Service
e A,

Srrmed il g bz Swese Bccnandilation Sorvice (585
Tl Swise Avrudilabivn Jwvive s une of Ue skgnslories b lhe EA
Wuitikateral Agreemeant for the recoanimion of calibration certificates

cetecom

accieditation Mo SCS 108

Cliant Certifieate Ne: DBODVZ-102 Augll

ICALIBRATION CERTIFICATE

| Obieet Da0ove - BN 102

Cal beat on procodurals) QA CAL-05vT

Galibration proccdure for dipolo validation ats

Gl lral o uaiiu:

Aangiesl 18 2000

I codbraficr cort@cote decuments the tmecobility to natonal siondarda, which roalize the physical wnits of madsucments (S,
The moasuwmaronby and tho wioa tairtics #it confidonca prabability are gven on the lollowirg pagos and are part of tho cartfieste.

All calibrathons have bean conducted 0 the clesed laborenony ‘asility: svironment temperaturs (82 ¢ 317G and burmidity < 720

Callaalw Eguigmeml uzed (MATE wrilicad For calbsation)

Mirriany Sislans IC 4 Gl Desle 1wt iBumsle Mo Schidul 2d Colibration
Piranr misben SPA-J47A fAARTARNTIS TRC NS R, 29700347 Oct-14

Powrér sensor HP Ba81A [Ed Tt il - OOt 09 dha, 21T-01005) Oct-10

Fiel=renc= 20 U0 & f=nustor SN 500G 20l S0-Muo- 10 Mo, 217-011803 Mai- 11

Tpa-N mismatch combinat on EMN; 5047.2 /06327 30 Mar 1Mo, 217 01163 Mar 11

Rofarcnca Proba EE3TVG Sh: 3206 D-Apre-10 (ke E53-1202 Apr1 D) Apr-11

LAEA SN; 51 T-June" L (Mo UAES-BUT _.un1:d Ju=11

Seconuuny Standants iC 3§ SR Date in lesss) Sctunduhz] Clencs
Posnr sonzor HP RAA A YA EFIT 1A-C01-07 Jim s rheck Ot Iy bemess ichack: Tedel
AF rannminr ARG SMT-00 [+ 1 uwe A3 (in boeese chesck O =087 lin lomie ehesche Sl-11
Pt nk Amalyeer HP §P53F LS5 R905AS 3aX'A 1A= i s check Thot-eE) In housa chock: Sct-10

e Furuliun I
Garlbraalod Ly, Claudio Lulde Laburakay Techn igialr |}Q\’\
y T £ o P S )
Approved by: ik Pokiwiv Tucdimisil Marsag _/F’/‘/ ‘ﬁ’j"’
;;:-é.- s
i
£aUA: AlQust 13, 2010
This cod brae: cxrtieanin whal et bee pogeoenesd cueeyl in bl wid o s fon appeeeal of e klcraioy =

Carilicate Mo; DOONY2-102_Augld

Poga 1ot D

2011-08-18
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Test report no.: 1-2977-79-02/11 ctwh””qco__u )

Calibration Laboralory of
Schmid & Panner
Engineering AG

Louyhausshasse 43, 5004 Tundcl, Sweriteerband

Schweirensche Kalibrgrdisngt
Sarvics euieed detalonnago
Sarvizio swirzaro di taratura
Liwiag Calibrahan Spryice

Accredied by N2 Swiss Avcied laficn Sarviea {SA5) aporoditation He.: SCS 108
The Swiss Accreditation Servlce Is ona of the signatories o the E&
Multliateral Agresmenl lor il iugnitenn of cdibratinn certificates

Glossary:

TSL lissue simulating liquid

ConvF sensitivity in TSL / NORM v,z
M not applicable or not measured

Calibration is Performed According to the Following Standards:

a)

b

c}

IEEE 5id 1528-2003, "IEEE Recommended Practice for Delenmining the Peak Spatial-
Averaged Specific Absarption Hate (SAH) in the Human Head from Wireless
Crommunications Devices: Measurement Technigques”®, December 2003

IEC 622081, "Prucedure to measure the Sposlfic Absorption Rate (SAR) for hand held
evices used in clnse proximity to the ear (frequency range of 300 MHz 1o 3 GHz)",
Felbruary 2005

Fodoral Communications Commiasion Otfics of Engineering & Technology (FCC OCT),
‘Evaluating Compliance with FCC Guidelinos lur Human Exposure to Radiolrequency
Elecirumagnetic Flelds: Additlonal information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposuie lu Radicliequency Ernissions”,
Supplement C (Edition 01-01) to Bulletin 65

Addilivnal Decumentation:
dl DASY4/5 Systom Handhaok

Methods Applied and Interpretation of Parameters:

Measurement Conditfons: Further detalle are availaole from the Validation Roport at the end
of the certilicale. All hgures stated in the cerificate are valid at the frequency indicated.

Antenna Maramatars with T5L: The dipole s mountad with the spacer to position its feed
point exactly below the cantar marking of the flat phantom section, with the arms oricnted
parallel to the body axs.

Feed Point Impedance and Returm Loss: These parameiers are measued wilh (he dipols
positioned under the liguid filled phantom. The impedance stated is transformed from the
measurement at tha 5MA connector te the feed point. The Rotum Loss ensures low
reflacted powear. Mu uncerlainly requirgd,

Elecirival Dalay: One-way delay between the SMA connoctor and the antenna feed point.
No uncartainty redquirad

SAR measured: SAR measured at the stated antenna inpul powsr.

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

SAR for naminal TSL parameters: |he measured TSL parameters are usad o caloulate tha
nominal SAR resull,

Cantificata Mo, DEOOVE-10F_ Ao 10 Paye 2 0l 9

2011-08-18
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Test report no.: 1-2977-79-02/11

CETECOM"
=

Measurament Condilions
DAGY ayatem contiguration, as Far as mat ¢

e o page 1

DASY Version CASYS VE2.2
Exirapolation Adgvanced Extrapolation
Phantom hocular Flal Phaniuem Y.
Dislance Dipole Center - TSL 15 mm witn Spacar
Zogm Scan Aesolutlon s, dy, 02 =5 mm
Frogjuancy D00 MHZ L1 MH2
Head T5L parameters
The fellowing paratetzrs and caleulafisna ware asplied
Tunnapeeralure Permillivity Conductlvity
MNominal Head TSL parameters et 115 C.87 |r|h..t-’r|‘
Measured Head T5L parameters FEn+02"0 A1.2+8% 087 wlhhn = 6 %
Head TSL temparaturs during tast (219 =02)"C i
SAR result with Head TSL
SNH averagod over 1 em”® {1 q) of Heod TEL Condifion
SAR mesured 250 MW input powar 280mW g
SAR nommalizad nomalized to W 11.2mW /g

SAA tor nominal Head TSL paramasare

normaiized 1o 1w

11.2 MW fg £ 17.0 % (k=2)

SAR averaged aver 10 cm® (10 g) of Heard TS coridition
SAR moasurad 250 mW rpul power 1. TamW /g
38R normalized marraliced o 16 T A6 mW fg

SAMN for nominal |ead TSL parameters

mmanimalized s 1W

T8 W fg £ 18.8 % (k=2)

Courlificals Mo DE00V2-102_Augid

Page d ol Y

2011-08-18
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Test report no.: 1-2977-79-02/11

CETECOM
=

Body TSL parameters
T following paramedens zond crdulalinns wans Applisg
i Tomperature Permittivity Conductivity
Hominal Body TSL paramelers 220G 550 1005 mieon
Masaurad Hody | GL parameters 220+ 0.2 "0 20 R™ 107 mhodim « & %5
Dody TSL temperature during les (P2 N+02) "G —- -
S5AR result with Body TSL
| sar averaged ever 1 cm” (1 g) of Body TSL Condition
SAR measured 260 I!II";";r 1P o 2EAmMW g
SAR norma izoed normolized 12 TW ToHmW/S g

| 3AR for nominol Bady TSL pommeters

normaliced lo 1YW

1.3 mW /g =17.0 % (h=2)

SAR aversged over 10 cm' (10 g) of Body TSL cordition
SAR measured B0 Yy input povwer 1EEmW /g
EAH normalized nammalized ta 1W TA M g

EAM for nomiral Bady 151 parameters

narmalized to 1WY

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

Crrtlficatn Noe D00V 2-102_Aug10

Fiagu 4 o &

2011-08-18
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Test report no.: 1-2977-79-02/11 CETECOM"'
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Appendix
Antcnna Parametera with Head TSL

ImEedance, transtarmed to feed pont AR B0-45j0
| Return Loas - 2.8 40

Antenna Parameters with Body TSL

In peldney, rangiormad o fead poine

Feglurn Lozs

General Antenna Parameters and Design

Elucirical Dwlay (ore dirostion) [ Todne

Altar lang trom use with 100 eciaied posser, onky @ slight warming of the clpoe tear the feedpoint can be measurad.

I he cipdee 15 made of standard semirigid coaxial cabla. The canter conduchor of e fonoding lee s divoedy coonceto:d o the
s A of Uie dipole, Thie ailomr is hereloe shoi-cloulsd o DC-signals,

Mn pEcAREVA IN0G ST 0 appl ed 0 1he dipoko arme, bocausa ey mighl bend or tho Soleared conncolions nocr e
faadpoint may e damaged.

Additional EUT Data

Manufatiuran oy SPEAC
Marufactiurea cn dunary 24, 2001
Cuntiligite Mo: DEUUYE 102 Auglo Mage 5of 3
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Test report no.: 1-2977-79-02/11

CETECOM
-

DASYS Validation Report far Head TSL

DratedTirne: (0820000 15:19:24

Test Luboratory; SPEAG, Zurich. Switzorland

DUT: Dipole 900 MHe: Type: DMHY 2: Serial: D900V 2 - SN: 102

Communteation System: CW Frequency: 900 ML Dty Cvele: 121
Medivrn: HSLWH)

Medinm paraneices sl =900 MH:: o =097 wihodm: B 41.2: p= 1000 k!,f,r':nt

Phantom seclion: Flat Section
Mowsurement Scandard: 1DASY 3 (IDCC/AGC/ANST C63.19 2007)

LAYY S Confizuration:

Proha: BNIIWE SNES; Convi S 8%, 588 S48 L Colibwated: 300042000
Soncor-Surface: Jmomn (Mezhanical Surlace Doestion)

Licctivanacn. AT Sufid i Calilmaizal. 108 3014

Faanlioan: Flai Fhontem 4908 Type: QOO AA: Beral: T
Measvromens 5W: DASYSZ, VL2 Dnild O, Version 5220 1 163)

Mosprocessing 5W. SAVHCADN X, V147 Hoilld 7 Virxion 142 7 (16R5)

Head/d=15mm, Pin=25 mW, dist=3.0mm (FS-Probe) 2/Zoom Secan (7x7x7) (7x7x7V/Cube
 Measurement grid: dx=5mm, dy=Smm., de=Smm
Relerence Value — &0, 1 Vimy Power Drilt = 0.007412 dB
Peak SAR (extrapolated i = 4.27 Wika

SARM g) =28 mW/o: SARUI0 gl = L7Y mW/g
Maximum vehie of SAR (easured ) = 3.3 mWiy

0dB = 3. 3 Wrg

Certficate Moz LDaiovaE-10E_Augin Pago € of &

2011-08-18
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Test report no.: 1-2977-79-02/11

CETECOM
-

Impedance Measurement Plot for Head TSL

9 fuyg 2048 L201CE20

ETH] %44 4 U Ft U290 s 44004 4 D000 oF A0 0,008 008 MHz
.
De L
ch {;-’ s
{ L
%
I‘-\.
g
e .y |
CHZ 511 LOE % el BEF -2W a8 3r-Up URW 4Z WU EGY U pHE
Dl . e
1Y ] f | |
i — | | ! J S - |
I = gy T e i
f 1 1 by —
Ci . | - |
L ! 1 T e |
i BN -1 . i
[ ' 4 | | ]
. | | =
g - e ! 4
= T .
_I , ! I
¥ + ! i i i
| L ! | | | |
CEMIER S00.u00 ot iz ) EPEN 400,800 0082 Hiz
Cerificate Mo: DOO0VE 102 AwciC Page 7ol O

2011-08-18
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Test report no.: 1-2977-79-02/11 CETECOM""
#;..‘n-n-n

DASYS Validation Report for Body

DatefTime: 16.08.2010 13.40.10
Test Labormiory: SPEAG. Zunch. Switezerlond
L1 Dhipaste D00 MHz; Uype:s DEHAE: Serinl: IRIDY D - SM:102

Communication System: CW; Fregquency: ST MLz Dty Cyele: 101

Medivm: RIS )
Mudivm parzmwrers used: =900 MHez; o= 107 milnfin: o= 547 p = 1000 kphn”
Phantom section: Flat Section

Measnrement Standard: DASYS (IFCEACCIANS] CA3TR-2007 )

MDASY S Contiguration:
& Prohe: FRADYS - SNAMOE Cone FITRT, SRL SRy Cilibracd: WL 2010
= Sensor Surface: 2mm (Mechanical Surtace Dewsction)
*  Floo i DAT S, Calilwaicl. MG 2000
& Prarizenc Flal Phanioar D00 Pypes GLERRERMAA, Senall |LDU1
o Measmecnsnl SW DASYS2, WED 2 Waild 13, Werse 52 200160

®  Posrperdessane KW STOMC AN X WIALE Tinitl 2, Warcion 1622 ( 16R5)

Budy/d=15mm, I'in250 mW, dist=3.0mm ( ES-1'robe) 2f&oom Scan (Tx7xT) {78737V Cube
Mensurement prid: dy=5mm, dy=5mm, de=5mm

Helerence Value = 5060 Vim: Power Linkt = (10031 dH

Peak SAR (extrapolated) =433 Wikg

SAR(I g) = 288 mWip; SAR(I0 g) = LBS mWip

Maximom value of SAR (measured) - 3.34 mWig

0l = 3 M my

Conilicalo Mo: DEQOVE-10E_Augio Page Eof @
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Test report no.: 1-2977-79-02/11

Impedance Measurement Flat for Body TSL

b Moy SULW

Lavoadron
QF FLNR AR A -

S

I 544 4 U TS BALITNG -RANTd G FRATIpF
. \
Lel g
Lor ;‘]'F__ 5
- i Mf = -
b o
o' I.‘ e
% E it
' i
CHZ S&L oG - I.I.B.J.'_ElEF el e
=]
| D o N L
- 1 e |
= | | + |
— | 1 Pr— /
| | | N2l
| | | ] |
— X
g 1 1 ] M
15 | I . [
| | g
1 | 1 1 [
Y ;O N .
HIANT RIT ANE UG MHr
CanFicale N DEOCYZ-102 Auy1d Pags 8 ol &

STCF 1 ARMDAAN AAD HAT

FHI nesi @re
ST 0
-4 44 g
AAT A0S BH

FHY Markwes

A= LR A
LE-R U,
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Test report no.: 1-2977-79-02/11 “”COM
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Calibration report “1900 MHz System validation dipole”

Calibration Laburalory of
Sechmid & Partner

g Schwelzerischer Kallbrletdienst
Sorvice culesd ddtalonnage

Enginceoring AG e LY c Sarvizin svizzars ol TAFSTUN
Feughmssirasse 43, 8004 Turleh, Seellsernd ??{I':;f-:‘i}f S  swiee comraven seies
e
el by e Swins Socuadilstion Seevios (345) Aacraditailon Mo SCS 1ﬁﬂ

The Swizs Accreditatinn Service b= one of the slgnatorias 1o the E4&

Multilateal Ggeesnneni fod the recogaebion of calibration certificales

Llent Celacom

vammieaw na: D1S00V2Z-54008_Aug1n

ICALIBRATION CERTIFICATE

| Dhrigw|

Caibmton procedurncis)

Cahbralivi Jahe

Thin calibmtion aartficato deawnents the tracaeabl iy 16 radonu stendasda, which realize tho chysical urits cf mecarsomants (G}
Thie o' pasamenie and o wiesorlurilios will: cordichency probabdity oro gheon on fe fol cwing poges and are part of the catilicale,

Al calibrakon s v B cnia s ] in e cheasd Brnuaioy Gokly smanninsc Enpsraiins (A2 £ 3000w e 1y @ 7.

CoCranor Equipmon Usod [M& | = CCA B SARDANGT|

D1500VE - BN 50008

QA CAL-05.07
Calibration procedure for dipole validation kits

August 17, 2010

Cal lnabe] by,

Approved by

Primay Standaias |in = Cial ke {Cartfioats Mo £ odulod Galitealon
Pawar miter EPM 4424 CcnaranITos DS (o, 217-01200) Det10

| Py sonesge HP 8421A Uearaioras GE-0z1-09 (Mo, 297-01008 Cet-10
Neferarce 20 40 Atlenualor S 5000 {20q9) 30-Mar-10 (o, 317011 66) Mar-11
Type H mismateh eorbinagcion S8 504T.2 S eaey 30-Wewr-10 (Hu, 217-01182) Fus-11
Iatesance Mobo ESEOVY S TS A0-Ape-10 (Na. FRRTP05_Apel ) Apr-11
DAz | B 801 10 digr 10 {ha. DALY 409 Junily dun 11
Secorday Slandares |io# Chck Data (in houss: Schoduled Check
Powrar aenaor | I 0401A Ky a10Ez7 10-0ct08 fin bouae chock OC1-05) I e Clw b, Ol=11
- geaemtar RAS SMT 05 IH0E d-Bug-29 { n house chesk Oci-03) In howme check: Oct-11
Hebwork: Analyzon HP 8763 UEATIONEAS E4206 10-O=t-01 fin houae sheek Oc1 09} In house chech: Get10

Hanre Fumednm 5 e e

Thits catlvaaton certicate shall el be epreduces sxcupt in bl wihout saien spnsoval ol the mhoramnng

Diraeaz Ml Isahomiiory Tacknisan i 7
8RS
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Calibration Laboratory of *"U':I‘I::f’r'.f’l fﬁﬁ} g Schwmizerischer Kallbelerdisnst

Schmid & Partiner ;h:%iﬂﬁ i Soruice sulses daalonnage
Enginee ring: AG g '\% @ z | G Sarvirin avirrren di tRiatura

Zeughausstrasas 43, B004 Furicly, Swilee lsmd a'u;‘,ﬁ.'.-"; /.@RP‘ S  swisscalioranon Sorice

Accromiod by tne Sess Accraditalion Service (SAS) Aeoredliation Ho.: SCS 108
The Swi=a Accredilslion Service is one of the signatorias tnthe Fa
Muitilateral Agreement for the recognilion of calsation cenilicaoes

Glossary:

TSL lissue simulating liquid

Convl sensitivity in TSL / NORM x vz
MN/A not applicable or not measured

Calibration is Porformed According to the Following Standards:

Al

b)

IFEF Sld 1528-2003, "IEEE Recommended Practice for Determining the Peak Spalial-
Averaged Spacific Absorption Rate (SAR) in the Human Head from Wircloss
Communications Devices: Measurement Techniques®, December 2003

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

Federal Communications Commission Uthee of Engincenng & 1echnology (FGG OET),
‘Evaluating Compliance with FCC Guidelings for Human Exposure 1o Radiolreguency
Elauiromaygnatic Fields; Additlonal Information for Evaluating Compliance of Mobile and
Mortable Devices with FCC Limits for Human Exposure to Radicfrequency Emissions”,
Supplement C (Edilion 01-01) to Bullstin 65

Addilional Documenlalion:

d

DASY4/s System Handbook

Methods Applied and Interpretation of Parameters:

Measurernen! Conditions: Further detzlls are avallable from the Valldation Report a1 the snd
of the cenificate. All figures stated in tha certificate are valld af the frequency indicated

*»  Anlerria Parameters with T5L: The dipole is mounted with the spacer to position its feed
paint exactly below the center marking of the flat phantom saction, wilh Ihe arms orignted
paraliel to the body axis.

* Fead Paint Impadance and Retum Loss: These parameters are measured with the dipole
pusitionad under the liguid filled phantom. The impedance stated is transformad from the
measuramant at the SMA connactor to the feed paint. The Retum Loss ensures low
reflacted powsr. No uncerlainly requited.

s Eleclival Delay: One-way dalay between the SMA connector and the antenna feed polnt,
Mo uncedainty required

e SAR measvred SAR measured at the stated antenna input power,

e S4R normalized: AR as measured, normalized Lo an inpul powsr of 1 W al the anlenna
connector,

«  SAR far nominal TSL paramealers: The maasured TSL parameters are usad to calculate the
nominal SAR result.

Canificata No: DASIMA-GaO0 Augin Pasgu 2 of @
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e

Measurement Conditions

DASY Version LASYE VE2E
Extrapolation Advancad Extrapolationr d
Phantom Maoduiar Flat Phantom V5.0
Distance Dipole Cenfer - TSL 10 mim weith Space
Fooin Scen Resolutlon ox, My, 07 =& mm
Fraquency 1SC0MHz 21 M2
Head TSL paramelers
The following paramaters and calculations were spplisd,
Temperature Farmittivity Conductivity
Mominal Head TSL parametera 2240°C 40.0 1:40 mho'm
Measured Head TAL praraielon s (220=02)°C L03A=F % 143 mhoam + f
:ﬂlﬂ TSL temperature during tost L T L R
SAR result with Head TSI
CAN averaged over 1 cm® (1 g) of Head TSL Coonmlitici
SAR maazyred UMW Inpul power 101 mW /g
EAN nomaized nommatized to 7 W i d ol iy

JASY gyolom sonfiguration, as fa- as nol

iven on pege 1.

SAR fre nreninal Head TSL pararneiens:

narmalized to 1w

0.0 MV g w170 % (H=2)

SAR far nomal Head TB;L perle s

SAR averaged ever 10 em® (10 g) of Head TSL condition
FAR mirsssmed 250 MY Input power 5.2 mW I g
SAR normalizea normalized ta 1W 210mW /g

negriAllea o VW

P05 MW i + 16 5 % (k=7)

Candilezaie Mo D1S00V2-50003 Auglo

Pagadoly
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Body TSL parameters
| hiz Tollowing parmmaters and calculntiona weors applied,
. Temporature Pormittivity Canductivity

Hominal Body TSL paramoters 220G 533 1.57 mhe/m

Measurcd Body TOL paramelers 22020.21"C 529+B8% . -I-..Fl."l mlwafrm =+ i %

Rudy TSI bempearature during test (219 £0.2)'C - saes
SAR result with Body TSL

SAR avaraged over | em’ (1 g) of Bady TSL Condition

SAR mwEsunl 250 mvW Inpul powar 105mMW g

SAR normalized nermalized o 1W “20mWig

3AR for noneeal F-Iml;r TSI pearsmelers nmliead io PV A1 8mW /g = IT.0% (k=2)

SAR averzged aver 10 em’ (10 g) of Body 150

COndrion

EAH measured

SAM narmalized

250 mW input powear
normalized ta °W

SEOmWia
227 mW i g

SAR fue rominel Body TSL parameters

nomalized ta TW

22.6 MW /g £16.5 % (k=2)

Cartificare Mo, D 1S00YE-JA002 Augio

Pagee 4 of 5
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Appendix

Antenna Parametera with Head TSL
Impedance. transformed to feed point BOAG + 240 |
Retumn Loge a8 0 dn |

Antenna Parameters with Body TSL

Impedance, rumestarmed tn f2ad paint d7 1+ 30j |
Rielurm Luss - /b dd |

General Anlenna Parameters and Design

| Elacmical D2 ay (one diroction) | 116" na

Altar long 1erm uss with TUUW radiated power, ¢nly a shaht warring of the dipele noar the fesdpoint can be measu-ed.

Ihz aipeie 15 made of standord samincid coaxial cable, The center conductor of the focding ling is directly cannacted fo the
second arm of the dipole. Tha antanna is lare’org shor-cicued for DG-signals

Mo mueasaim feree must be applied to the dioole arms, because ey might besed or the soldooal conoeecionms mear the
feedpoint may be damaged.

Additional EUT Data

Manufact v Ene SPEAG
Manulgctured on Faaruary 22, 20017
Cealiliale Su: D1300V2-Ld00S_Augin Page Sl 5
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DASYS Validalion Reporl for Head TSL

DmeTime: 10082010 13:43:32
Test Laboratory: SPCAG, Zurich, Switzerland
DUT: Dipole 1900 MEz; Type: DIVOVZ; Serinl; DIYVE - SN:SdH9

Communication System: OW; Frequeney: 1900 MHe; Doty Crele: 1]

Mediam: H3L U2 HE

Medium parameters used: [= 1900 MHz: o = | 43 mha/m: g, = 40.3: p = 100 kg/m”
Ploamtcon sectivn: Flu Section

Mensarement Standard: DASY S (EEETROAANSDLOAS, 19-20007)

BASYS Unnhiguraiion:
= 'robe: BRI - SNE205; Convl(S 06 500, .00 Calibeated: 300820010
»  Sensor-Sorface: dmm (Mechanical Soace Dietecrion]
»  DFlecimonics DAY Snfll b Celibrated: 10006 20010
= Phanton: Flat Phantoms 50000, Typee, QENHEIPSOAA, Senial. 1001
+  Measurement SW. DASYS2, V52,2 Build 0, Ve 522001 16%)
= Postprocessing SW: SEMCATY X, ¥ 142 Build 2, Yersion 14.2 2 {16R5)

Pin=250 mW /d=10mm, dist=30mm [ES-1"robe ) Zoom Scan (7x7x7 ) MCube U Measurcmcal
grid: dx=3mm, dv=3mm, dz—3mm

Reference Valoe = 97 3 Vim: Power Dirift = 0027 B

Peak SAR {exirapolated] = 1840 Wiky

SAR( g = 101 mW/g; SAR(M g) = 526 mW/g

Maximuom value of SAR (measured) = 126 mW/z

—||.l
I

=
|
I re

s

1aa

(L]

B = 12.0mWi
Cozntilivale oz D 1900V2-50009 Aug O Page 6 of @
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Impedance Measurement Plot for Head TSL

Bl 51t LU Fs i LAY @ LA 0

10 Aug 2010 l@:a@:5e
TALNT =M | PRLNAN A M

H.
bl
CHI Sil LO& 3 UB: EEF —38 ub ,1I.=Tf."2.235 B L 90008 838 HHz
S | IS
1 B e e
e | | i }
Ca ""'H.\a ’f.-"'
b =
. L
- F
i
1
FENTER L 208,000 608 Arz CRAH ADGB00 000 MAx
Cedilivee No: D 900V2-5J002 Augld Page 7ol 3
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DASYS Validation Aeport for Bady

Dare/Time: | 7082000 155428
Test Lahoratory: SPCAG, Zurich, Switeerland
DUT: Dipole 1900 MHe: Type: DIY00VI: Scrial: DIY00Y2 - SN:5d009

Commumnieaiion Syseem: CW; Frequeney: 1900 MHz:; Ducy Cyele: 111

Medim; MSL U B

Mecdnnm parameters nacd: f= 1900 MHe, o = 1,53 who/in; g, =329 p= 1000 kp/m™
Flianuon section: Flat Seciivn

Measurcment Standard: DASY S (IEECATCANST Ca3 19-2007)

DASYS Configuraticn:
«  Probhe: TSIDVE SN3Z05; ConvEESY, 4.3, 4,590 Calibrated: 20.04.20040)
«  Seneor-Surface: 3mm (Mechanical Surface Daetection)
«  Fleerronies: DAED Sné01: Calibrared: 10.06,2010
o Plantom. Flat Pleanion 500 chack ) Type: QDOOOP30AA; Serial: 1002
= Mowsurcmeont SW: DASYS2, VA22? Ruhd O Ve 52 20016%)

= Pustprocessimg SW: SLMCAD X, ¥14.2 Duild 2. Version 4.2.2 {1683)

Pin=250 mW /d=10mm, dist=3.0um (ES-ProbeyZoom Scan (7x7x7) /Cube 02 Measurement
grid: dyx=3mm, dy=mm, dz=5mm

Referonen Valoe = 98,2 Vin: Power Dirift = 00016 B

Peak SAR (extrapolated) = 17.4 Wy

SAR g = 1.5 mWig; SAR(ID g) - 5.68 mW/g

Moo velue of SAR (measuredi — 133 mW/a

s

L]

128

18

IR = 173 SmWie

Garfificate Moo D1TO00VE-S0005_Augi0 Pagefof 9
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Impedance Measurement Plot for Body TSL

L¥ fosy 2040 02047002

EED =11 1 U ks VAT AL e L9EQF 5 2ME.02 M 1 900,803 28E Hz
"
De 1 [
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. =
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| e e = 4 ¥

} i i — J } | } | S
s [ e =]

! | | E } A
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P ¥
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15" |
1
BTANT L GO0200 000 Hiz STOr £ 208000 000 (e
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Calibration report “2450 MHz System validation dipole”

Sehmi 8 Parner WA

Frginearing AG !k_id-iﬂ?ﬁ 9;}' 7| C

Zaughaueetraees 43, B004 Jurich, Bwitzerlond "-i:':-ﬁ‘:h.’, s s
II"'I'|.||"'-'. i

ficieciieed by thie Swiss Acoracditztion Serdce (SAS)
Thie 3wiss dcareditalion Soevice s one of the signatories 1o the EA
Multiotzral Agreement for the recegnition of calllration cetificales

Client Cetecom

Sohwee mariacher Kallbrisrdienst
Sarvice susss dilalonnage
SOrVITID SVITTOFD 01 Laratura
Savina Calits alion Service

Accreditation No: SCS 108

Certificate Mo:

D2ZAs0V2-710 Aug1l

[CALIBRATION CERTIFICATE

|-.'1|.n1 D250 « SN 710

Calibrator proceduras O CAL-OENT

Calibration procedure Tor dipole validalion kits

[ ZF Ak At ALqust 19, 2010

Cal legtun Euulpmen il used (MATE mmilcal frd cashianinn )

Priviury Stamlair:dy = Cal Diale (e (kale M)

Prawear muabar PR 1404 Coarapoc4 DE-Ocf-03 (Mo, 217-010006:

Hawer pansor HF BAE1A LIEaTH2TE 06 Oot-09 (Mo, 217-010B5)

R A e RIS e LK SOHE ) WM IMe. S0 15R)

ToyprerM i iy combinat or Sh: 50472/ 0S32T FMA-10 Ma. FAT-0 162D

Refzaencs Frobe 233003 GN: 2205 0-ARr-10 (. ES2-3800_#a i)

DAE4 EM: 801 10 AC (No. DACS-G01 Jundd)

Spuwcay Standans e Tk | 1368 {in b iga)

Puowesy senaur HP S48 1A M4 10aza1T 18-Cht-02 {in wiLise check Co0d)

RF genemior RAS SKMT-08 10005 AeAugea (in Nouse vk (0/-08]

Malwark Analyzer FP B753E UE 37300505 54206 10-0st-01 fin ~ouse chegk Dot 093

Mame Funclion

Cekbrated oy B T Y Labcratony | echnlcian

Agipraved by Hatia Pokov o Teend wiizal Nk

This cafibration certificale shall nct ba raproduced swespt in full withaut written approval of the chonotary.
Carificate No: D2450V2-710 Aug*( Paye 1 of 9

Thi catbration carshcabe dosumonbs tho trosnabdity o nafonal Mondorda. which roal 2o the phyaical unils of meanarements (51},
The misssuneT s and fHa ancertaing 25 with oon Tdence probubily ure gamn on e lolkeing pages &rd are part of the cortifizato.

Al I IRTAUNTE MAVR DREN COIIETAN 1N T Closea [ahoranny f200y: efwronmant 1emporaiusd {22 4 3170 and umidity « TR

St ilpn [lE e

Ocl-10
Oct-10
Mar-11
Bdar-11
w11
Jur-11

Cohatulad Cleéck

B Aewnam chir e Cied=11
B B cleerk Ded=11
b hawse sloch, Out-10

Signalury
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T
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Prisy
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Calibration Laboratory of Ay Bohweizsriochar Hailbiordionst

: . S =]
Schmid & Partner flan = g Sorvics sulssy detalonnage
Enginee-fing AG e Sarvizio evizzers o farsturs
Zeughaussirasse 43, 8004 Zurich, Switceriand "-.;;-ﬁ-_-,\\"@f S  mulas Callhration Ssrvice
accrediied by the Seiss Accretialon S SAS ) Asgreditation Mo, SCS5 108

T Swiss Accreditation Service fs one of tha signatarias 1o the FA
Multilateral Agreement far the recognition wf alibmation cenlifcales

Glossary:

T5L tissus simulating louid

ConmnvF sensilivily in TSL / NORM x,y.z
MIA nal Applicatie or not measured

Calibration ia Performed Accarding to the Following Standards:

a) IEEF 5td 1528-2003, "|EEE Recommended Practice for Determining the Peak Spatial-
Averaged Spacific Absorption Rate (SAR) In the Human Head from Wircless
Communications Devices: Measurcment Technigues®, December 2003

b} IEC 62204 1, "Procedure o measure the Specific Absorption Rate (SAR) for hand-held
devices used in closs proximity to tha ear (frequency range of 300 MHz to 3 GHz)",
Febrary 2005

o} Federal Communications Commission Office of Engineering & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnctic Ficlds: Additicnal Information for Evalualing Compliance of Maobile and
Partable Devices wilh FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement G (Fdition 01-01) lo Bulletin 85

Additional Documentation:
d) DASY4'S Syslem Handbook

Methods Applied and Interpretation of Parameters:
= Measurement Conditions: Furthar details are available from the Validation Report at the ond
of the cenificate. All figures stated in the cortticate are valid at the frequency indicated.

s Arnterna Paramelers with TSL: The dipole 1s mounted with the spacer to positian its focd
point exactly below the center marking of the flat phantom section, with the arms onanted
parallel 1o the body axia.

s Fead Poinl Impedance and Return Loss: Those parameters are measured with the dipale
positioned under the liguid tilled phantom. The impedance stated is transformed from the
measurcment at the SMA connector to the feed point. The Return Loss ensures low
reflected power. Mo uncertainty required,

« FElactrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncartainly reguired.

= SAf measured: SAR measurad at the stated antenna inpul power.

«  SAH normaiizad: SAR as measured, nommalized to an input power of 1 W at the antenna
connector.

s SAR for nominal TSL parameters: The measured | S0 paramaters are used to calculata tha
nominal SAR result.

Cerificals No, DE4IOVE-T10_Auy10 Page 7 al 8
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Measurement Conditions

DASY system configurallan, as tar as nof givan on paga 1.
| DASY Version NasYs LEE s
Extrapolation Advanced Lxtrzpolatian
Fhantom Mecdular Flat Phantom Y30
Distance Dipole Center - TAL 10w with Snaner
Fonm Sesn Ressolution cx, dy, dz = & mm
_'quuancﬁr 2450 WMHz £ 1 MHz
Head 150 parameters
The lellow ng parameters and caleulalions were applied.
Temperature Permittivity Conductivity
Naminal Head TEL parameters 20'c 39.2 180 mibedm
Measured Head TSL paramsiors (220202 "C IZE 6N 1.77 mhoim £ 6 %
'H_aad TSL temperatura during test (28 0.2} 0 - -
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Conditian
SAK moacsured ZED mW input power 120mW lg
SAR normafized nnnma tzed 1o 1% f 7wy

SAR fon rominal Head TSI parmmeters

nonmaizod 1o 1

51.6 mWW Ig £ 17.0 % fkez)

SaR averaged over 10 cm’ (10 g) of Haad TSL

condition

MR rmeosured

SAR nermal zed

250 mW irput power

CO3 W f g

rarrnaliced I 19

241 mW i

SAR for noenlresl Head TSI parameters

normalized 1o W

242 MW (g £ 16.5 % [k=2}

Cerdfiicate No: D245002-710_Auc1C

Pago d ol §
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Body TSL paramelers

The: folinwdng pesanelss and caloulafons were appled.

Temperature Permittivity Conductivity
Nominal Eady TSL parameters 220°C 527 1.85 mrw'm
Measured Body TIL paramelers (Z20+02)°C A23A+H% | %% mhovm £ 6 %
Body T5L temperatuna during lasi {(225+02)"C - 3

SAR result with Rndy TSL

SAR averaged over 1 em’® {1 g) of Body TSL Cendition
SAR massurad 250 mVW imput power 126mW/a
EAR normalized normalized fo 1W HAmi iy

Certificate No: D2450VE-TI0 Aug1l

SAR for nominal Body TEL sarameters

normalized fo W

5.4 mW [ g+ 17.0 % (k=2)

SAR uvarnge'l.f- over 10 em’® (10 g) of Dody TSL

candifian

SAR measured
AR normalized

250 oW gl powet
nomalized tn DA

GAT N/ g

2[0mM /e

38R for nominal Pady TSl paameters

noenaliced Lo W

259 mW i g 2165 % (k=2)

Fiage ¢ ul
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Appeandix

Antenna Parameters with Head TSL

Impedance, fransformad 1o feed pont S3.00-04 0
Return | ass -30.7 48

Antenna Parameters with Body TSL

—_—
Imgadance, ranslarmad to foad point T R [BcH 4
Return Loss =346 0B

General Antenna Parameters and Design

!_Elnc!m:.':l Dalay (ene directizn) 1425 3

Al borny L wse wilh 100W rzciated prwar, only 3 light warming of the dipale noor the toodpednt can Be Measured,

Toare ehipales i veaches of standard semingld coawial cable, Tre cenber conducior of the feacing ling = denclly cornoctad 1o he
seciind 2 of the cipole. The arte7d g tharelers ghort-circuited for DC-signala.

Mo excesaive Froe sl bo wpplied to the dipole arms, because they might ba-d o the eolcered connacione near B
leecpond vy be danzged.,

Additional EUT Data
Manufactured by SPCAG
Manufadures on July Wb, 2008
Cerdivale Mo, 024500 2-T 10_Aug 10 Page &l 6
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DASYS Validation Repaort for Head TSL

DoteTime: 11,08,2010 13:11;39

Test Laboratocy. SPEAG, Zurich, Switzerlamd

DUT: Nipale 2450 M2 Type: NI450VI; Serial: DI450V - 8N:T 10

Connnunication System; CW: Frequency: 2450 Mz, Duty Cyele: 1:1
Muodinn: HSL 1112 BB

Medium purmmeters used: [ 2450 MHz; o 1.77 mboim; & 39,1, p— 1000 ke/m”

Phantom section: Flat Section
Measurement Standard: DASYS (ITRERIRC/ANST Co3. | 9-2007)

DASYS Conliguralion:

Probe: ES3DWA - Sha3205: ConvF (4.33, 4.55, 4.53 % Celibrated: 30.0=.2010
Senaner-Surface: Jmm (hMechanice] Surface Thetection)

Elecromcs: DAL Snf 01 Calibrated: 10062010

[Mear bz Flal Muantom 5.6 (hoot): Type: QDOERS0AA; Scilal: 1001
Measuremert 5W: LIAGY 52, Via.2 Wnld U, Yersion S2.20(143)

Postproccasang 5W: SCMCAD X, VI14.2 Dwld 2, Yersion 142.2 {1685

Pin=250 mW /d=10mm, disi—=3.0mm (ES-Probe)/Zoom Sean (T7xTCabe 0 Measoromen
grid: dx=3mm, dv=53mm, dz=3mm

Feference Volue — 1003 Vi Power Drift — 0.033 di3
Peak SAR (extrapolated) = 26 Wike

SAR g) = 128 mWie;: SARUD g = 6,03 mW'e
Maximumn vilue ol SAR (oessunad) = 1.5 ;Wi

[}

1

ui

u

"

4

Odly  TéH5nW/ie
Cartificale Mo D245002-010_Aug1D Pafa G ol B

2011-08-18

Page 48 of 60




Test report no.: 1-2977-79-02/11 ctwh””qco__u )

Impedance Measurement Plot for Head TSL

Li dug ZEdB  LITINIE
H1l w11 1 U Fg LS4 =ATUEGms AR4 48 5 2 450,009 030 HHz
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| "
by
CH2 284 L0& D RET .Z.i!‘._ld.l 5 2N Dl 7 SO ARD AR HH
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i . : {
|
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=i i3 —
:"- - "H—T_ } | | IS |
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CEMTER 2 400003 C0D Miic P 4RRAA AED HH
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DASYS Validation Report for Body

IhateS Tomaes [ ARHO0T0 101 50K
Test Laboratory: SPEAG, Zorich, Switzerland
DUT: Dipole 2450 MHe; Type: D2450V2; Serfal: D24S0V2 - SN:710

Commmnunieativon System: CW: Fraguency: 2430 MHz: Tuty Cyele: 1:1
Mediuem; MSL U BB
Mediurm parameters used: F=2450 MEe: a = 194 mbomm: g, = 52 3; o= L0 kg-’m]
Phanrom szerion: Flal Section
sasurement Standard: DASY S (IEFEARCARST Ca3. 192007

DASY S Confliguration:

& Prodse ESIMVE - SN3205; Comlid.30, .30, 4.3 1§ Calilbwatod . $0,00,20 10

& Semsoa=Rarfe Foome Gvlec i SoeGee Detection)

= Eleetrenmies: DAY Saddl: Calibrated: 10,06,2010

& Phanion: FRal Pleantomn 5.0 (heckl Dvpe: QUIGIUEMIA A Serial 1002

w Cvensrerment 8% DARYAZ, VA2 Roild O, Viasion 32200163

= Tosprocossing SW: SEMOAD X W42 Baild 2. Vasion 1422 (1685)
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7 Calibration certificate of Data Acquisition Unit (DAE)

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zoughausstrasse 43, 8004 Zurich, Switzerland

Accrodited by the Swiss Accreditation Service (SAS) Accraditation No.: SCS 108
The Swiss Accraditation Service i one of the signatories to the EA
Multilateral Agreemaent for the recognition of calibration certificates

Cilont

This calibration cestificate documents the traceabdty o national standards, which realize the physical units of measuremants (51).
Tha measurements and the uncerainties with confidence probability ane given on the follawing pages and are part of the cerificate.

Al casibrations have bean conducted in the ciosed laboratory facility: environment temperature (22 £ 3)°C and humidity < T0%.

Calibration Equipment used (MATE critical for calbration)

Primary Standands n# Cal Date {Ceriificata Mo.) Scheduled Caibeation

Keithley Multimeler Type 2001 SM: DB10278 28-Sep-10 (Mo:10376) Sep-11

Secondary Standards Io# Check Dats {in house) Scheduled Check

Calibrator Box V1.1 SE UMS 0DE AB 1004  O7-Jun-10 (in house check) In howsa check: Jun-11
Hama Function Signature

Issued: January 13, 2011

‘This calibration certificate shall not be reproduced excapl in full without written approval af the Isboratony,

Ceriificate No: DAE3-413_Jan11 Page 10f§
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8 Calibration certificate of Data Acquisition Unit (DAE)

Calibration Laboratory of AN,

&
%

Schmid & Pariner —

Engineering AG
Zeughaussirasse 43, 5004 Zurich, Switzerland ",,ﬁy
R

5 Schwoizerischer Kallbrierdianst
Service sulsse d'étalonnage
Saorvizio svizzero dl tarstura

S  swiss Calibration Servics

L

e
ol ol

Accroditod by the Swiss Accroditation Servica (SAS) Acereditation No.: SCS 108
The Swiss Accroditation Sarvice is one of the signatories 1o the EA
Multilateral Agreamant for the recognition of callbration certificales

ciient  Cetecom certificate No: DAE3-477_May11
CALIBRATION CERTIFICATE

Object DAES - 5D 000 D03 AA - SN: 4T7

Calibration procecdure(s) QA CAL-0B.v22

Calibration procedure for the data acquisition electronics (DAE)

Cashration date: May 4, 2011

This calibraton certilicse docurnents the iraceatsity to national standards, which realize the physical units of measssements (Si)
The measuraments and the uncoraentios with conlidance probability are given on the foliowing pages and ane part of the cerlificala

Al calibrations have been conducted i the closed laboratory tacility: environment iemperature (22 + 3)°C and humidity < T0%

Calibration Equipmant used (MATE critical lor calfsrason)

Primary Standards o8 Cal Dato (Cortificate Mo.) Scheduled Calibration
Kaithley Mulimater Type 2001 SH: 0810278 28-Sep-10 [No:1037E) Sap-11
Secondary Siandands ID & Check Date (in housa) Scheduled Check
Calibrador Box V1.1 SE UMS 008 AB 1004  O7-Jun-10 (in house chock) In house chack: Jun-11
Nama Function Signalurne
Calibrated by Daminique Stathan Tachaician
Approved by: Fin Bomhalt RAD Dweclor . y
iv. s
issund: May 4, 2011

| This calibration carificats shall not be reproduced xcept in hull without written approval of the Iaboratory

Cenificale No: DAE3-4TT_May11 Page 1ol 5
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9 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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10 Application Note System Performance Check

10.1 Purpose of system performance check

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

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

10.2 System Performance check procedure

Preparation

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

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

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

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

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

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

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

10.3 Uncertainty Budget

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

* RF ambient conditions

* Dipole Axis to Liquid Distance

* Input power and SAR drift measurement

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

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

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

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

Error Sources Uncertainty | Probability Divi- | ¢ Ci Standard Standard Vi
Value Distribution |sor |1g 10g |Uncertainty |Uncertainty |or
19 109 Vet
Measurement System
Probe calibration +4.8% Normal 1 1 1 +4.8% +4.8% 0
Axial isotropy +4.7% Rectangular [V3 0.7 [0.7 [£1.9% +1.9% 0
Hemispherical isotropy 1+ 0.0% Rectangular [V3 [0.7 [0.7 [£0.0% + 3.9% 0
Boundary effects +1.0% Rectangular [V3 |1 1 1+ 0.6% 1+ 0.6% 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% 1+ 0.6% 0
Readout electronics +1.0% Normal 1 1 1 +1.0% +1.0% 0
Response time + 0.0% Rectangular [V3 |1 1 1+ 0.0% 1+ 0.0% 0
Integration time 1+ 0.0% Rectangular [V3 |1 1 1+ 0.0% 1+ 0.0% 0
RF ambient conditions + 3.0% Rectangular [V3 |1 1 +1.7% +1.7% 0
Probe positioner 1+ 0.4% Rectangular [V3 |1 1 1+ 0.2% 1+ 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 1+ 0.6% 1+ 0.6% 0
Test Sample Related
Dipole axis to liquid +2.0% Normal 1 1 1 +1.2% +1.2% o0
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% ©
Liquid conductivity (target) |+ 5.0% Rectangular [V3 [0.64 [0.43 [+1.8% +1.2% ©
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% ©
Liquid permittivity (meas.) |+2.5% Normal 1 0.6 |0.49 |£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
19 109 Vet
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 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 0
Response time 1+ 0.0% Rectangular [V3 |1 1 0 0 0
Integration time 1 0.0% Rectangular [V3 |1 1 0 0 0
RF ambient conditions 1 3.0% Rectangular [V3 |1 1 0 0 o0
Probe positioner 1 0.4% Rectangular [V3 |1 1 0 0 ©
Probe positioning +2.9% Rectangular [V3 |1 1 0 0 5
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% 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% ©
Liquid conductivity (target) |+ 5.0% Rectangular [V3 [0.64 [0.43 [+ 1.8% +1.2% o0
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% o0
Liquid permittivity (meas.) |+2.5% Normal 1 0.6 049 |£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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10.4 Power set-up for validation

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

dir.
. 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.

10.5 Laboratory reflection

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

10.6 Additional system checks

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

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

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

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