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2 Calibration report “Probe ET3DV6”

Calibration Laburatory of AL g Schweizertscher Kaberdirsl
Sclunid & Parinar i"" E—’ii . Sennce suisse détionnage

Engineering AG T b Dt viziv sviceeiv i laraturs
Zeughuausslrasse 45 A4 Furich, Switrarand {«f;:}‘;@ s Evrizs Colibration Eervica

bt

Pcaudited by e Soiss Acred ot Sureca (SAS) accrameiaa no 2 3CS 108
Thio Ewlss Accreditaticn Service is ane of e sgnalosies o Be EA
Mudtilafersl Agraamiend for tho recognition of collbration cerificotcs
ciiene  C8tECOmM Cernficats Mo: ET3.1568_Aug 11
CALIBRATION CERTIFICATE |
Linject ET30OVE - SN:T558
Calbration evovudundul CA CAL-01.B, A A 2D wd (A CAL =205 wd

Callbration procedurs for dosimatric F-fisld probes

Calbrrtio dae fugust 23, 2011

Tl calinativon cenlifoale iz 0 Bocoetiiy o 1SID030 SIAMMANS. Weh TERITE IR [Waical 10 15 0F msdsremmean b 50
[ The meoowemarks nd e ucedsinties with onalidence pretabdiy ére gien o e Rofkming seces and are g of he caiilicita,

Al callbratione hava Boon condueied in the choscd latoratzey Baciily; smronment temperahare 27 1 110 and bom dity < 70%

Caderation Ea.dpmen: usod (MATE critizal for ca/ibration)

Frinnmy Stmmlanls I Col Dt (Centiheats Mo} Sehadided Caditeat an
Pownr meta: E44108 GALI2R3ATA A0 | (M HTLI3TH) ApE12
Powur sansar CH128 heY41<20007 Si=Mat-1 1 (. 21T-013TZ) | Am-12
Raidingnnnn 3 nh AR iseor 5N: 85054 {3c} a1 e, 297013000 Apr-12
Hatamnzn 2 g Alcnwakor | EM: SRCAE {20h) -4t 11 [No. 217-01 367} Apr-1E
HL‘lquIJ_\'T'F'_'t:JIH AtEruaaion | BN 5512|}_q3l}b: 20 M 10 (M RS _.ipr-'lﬂ
Rataran-p Prnhe FRACYS SHi Y H- 25 10 {Me, ES3 3012 Doe 0} Coa 11
DAE4 SN 0 BoRans 17 (Mo, DAEAES_May1]) misy-12
Secowlery Slandands [[#] Chrck Dictee fin by Fnnmr 1nr Check
RF gencratter P BE480 USaEE2U01 700 A0 33 {In hioaise Gl G-l T s et Qate11
Motwark Anclyzee 4P EFTRIF NEITEMGRE 1E-Cet0 fin houne chach Oclk-10} bt P ol sk Cal-11
Mame Funchon Signaturs
Sl By KAl Pohinis Teckricsd Manafs .-_’-‘;_17 77
Forgees
J i
F !
Apprendd by Wit Kuslen Swwalliy Wnaner / _;" b -
: A
Il Angusl 23 01
This califrahan ool sode sho |l nal be rependuced excapl in foll wllheul weitten apareval of the laboratary,
Ceaillicate Mo FT3.1558 Augi kago 1ot 11
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Callbration Laboratory of ;'*{L'.E}"z, anisg §  Sehwsizerischar Kalibrisrdionet
Schmid & Partner < ¢ ; [ SerVicE sulsse TemioTAgS
Engineering AG ‘1:‘% |0 @ 'g: Servizio svizzenn di faratim
Zevuhaussirasse &3, 8004 Zurich, Switsarkand 2:‘-'.-;-?:-;."} 1@9% & Swice Calibration Servies
mn il
Aacrsdod by th Swis Aseraditclian Service (349) Arsditation N SCG5 108
The Swics Acoredils i Service 15 one of 1he signatosdes o e EA
Mullifateral Agresmen lor e recopeibion of callbraiion certificates
Glossary:
TSL tissud simulating liqud
HORM vz sermilivily i liee s
ConvF gansiivity In TSL § NUOHMIY,?
DGR dizcle compresson painl
Lk crest factor (1/duty_cyelo) of tho RF signal
ABC imadulation dopendant linsaizadion perameters
Polarizalizn 4 u rodation around probe axis
Halarezalien b & rofation around an axis thot is in the planc nommal e probs axis (al measurerant center |,

la,, & =0Ig normal to probe awis

Calibration is Performed According to the Following Standards:
al ICLCC Std 1520-2000, “IFFF Recommender Prachcs on Dlealsaraninninng fhws Pk Speial-Gue aoged Spaciic
ADSOrphon Hate (SAK) 10 the Human Head rom Wiroloss Communications Devicesa: Messurement
Technigues®, Decomber 2003
b} |EC 62208-1, "Hrocedure 1o measure the Bpocifis Absorption Rate (SAR) Tor hand-held davees used in cluse
aruimity o e e (Teaqueniey range of 300 MHZ 0 3 SHE", Februany 2005

Methads Applied and Interpretation of Parameters:

= MORM:y.z: Assessed for C-fiekd po arization 8 = 0 (f = 900 MMz in TEM-call; f > 1000 MHz R22 waveguirs)
MORMx,p.2 are only Intermediale values, i 8., the uncernainties of NURMx. .2 4005 not allecl the =7 ol
uncertainty iside TOL {see below CuvF).

o NORM{xy,r = NORMe . 7 * imquency_response ($e2 Frecuency Response Chart). This lirearization is
implemoned n DASY4 software versona laler han 4.2 Thes uncertainty of ihe rmquency response s included
it Hwe slalend uncarainty of Conee.

+  DCPwp 2 LCP are numerical lincarization paremaions assessed based on he dala of oowen sweep wilh GW
syl (i uncerialidy requiraed) DEP cres nnt dapend on fragquancy nor meadia,

& PARIPAR is the Feak 10 Averags Halio lhal s ol malineated bt dnbormined nnsod on the gigna
chractaristics

o Arps Beps Cxpe VREY.Z A, B, Care numarcsl linaarzstion parameatars assassad hasnd on tho oata of
power sweep for spacfic modulation signal. The parameters do nol depend on Iregaency o nmedia, VR is lhe
maximLim cakbraton ranga expraseed in HMs vollage acrozs tho dioda,

*  Cnnue® and Boundary Effeet Paramaetors: Asseased in flat prantom using Z-field jor Temperature Transfar
Standard for f < 800 MHz) and incioe weveguide uzing analybizal sizid distrioutions bascd on power
measurements for = 800 MHz. The =are selups are nsed for assessment of the parameters appliad for
boundary com pansation {a gha, depth) of wiich bypicul ucerluinty vakies am gvar. Thease prrameaters sra
wzed in DASTY siflaare By imqueve robs srraraey elnse o this hoondary. The sarsiivity 0 TSL comespenes
I MORMY vz * ComeF wherehy the uncartainly corresaonds to thet givan tor Convr. A fraquency dependent
Corwf s wad in OASY varsion 4.4 and higher which oliows cxtending the validty from £ 50 MHZ (o 2 100
MHz,

«  Sonedcal salropy (30 daviafion o aolaygsg) o ekl of o gradients realioe? wsing a Nat phantom
axpoaed by @ patch antonna.

»  Semsor Cfiset The scnsor offsot comesponds to e olfsel of vislual measemen curilor Trom e probe ta
{on probe axis), Mo toleance raguired,

Coartificata Nn: ET3-1550 Aug11 Fage Zat 11
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CTIOYG — DM 1508 Mgkt 23 A0

Probe ET3DV6

SN:1558

Manufactured:  Seplember 16, 2003
Calibrated: August 23, 2011

Calibrated for DASY/EASY Syslems

[Mote: non-cempatible with JASY 2 systeml)

Carificate Ma: T 3- 1050 Aupil Pags ol 11
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ETIMM-SN-1554 MAUQUEL LS, LT
DASY/EASY - Parameters of Probe: ET3DV6 - SN:1558

Basic Calibiralion Parameters

Eansor X | Sensar Y Sansor Z Unc (k=2
Mo (uvivimy ] 202 178 1.76 20,1 %
DCP {mvT 87 979 97.2

Meodulation Calibration Parameters

(D | Communication Sysbmmn Name POk A B C VR Una-
dn db 4B my (k=2)
10000 cw C.oh X Q.00 vy 1.ul YA S =2 9%
= v | a0 oo [ veo | <47 0000
g S0 1 I i 4.7

The reported uncertainty ol measurcment is stated o5 the standard uncertainty of measurement
multiphed Ly Uk uweru?e lactor k=2, which for a normal distribution correspends o a coverage
prodability of approsimately 95%

* 1 'he uncertantes 01 HorTis, Y Z da not affect the B hsld necrtinty insdde 15_ {see Mages 5 ard 6).

“ Humaiice insarizabion paramater: imacdanty o0l régaied

" L[Irnlnuur:‘-'“l}" daterminad uning 1k moe. devistion fram finsar raapenas asphing rectargular diativulion amd i eapioseal o Bic scus ol fe
iedd valkie

Cerlificai: Nu. ET3-1558_Aug11 Pagedof |
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ETSIWA SN 1558 August 2, =LT11

DASY/EASY - Parameters of Probe: ET3DV6E - SN:1558

Calibration Parameter Datarmined in Head Tissue Simulating Media

Relalive | Concdectivity | Depin linet.

Permittivity” | [Sim) | ComvFX | ConwFY ComwFZ | Alpha | ([mm) {le=2}
| 41e .5y g2 G2 6,22 .71 “Bg | £120%
415 LHG bl 5.5 5,95 .65 -8 | s120%
900 415 T bHF b8/ Luf U054 1.0 £120%
1140 Al | 1.34 5.00 5.00 500 0,49 251 120 %

80U AWy | 140 23 | 486 | 486 | 051 | 236 | 1120% |

2450 dma 1.80 £15 | 4415 415 0.70 1.78 112.0%

y Freayanney waliciny of + 100 ML anly apphios for DASY w18 and highar {Eas Fapns Z), abes s aesbicled ke 2 50 MHe Tho aecu lndy is the RES
ol tha CoeeE imeneninn Ol cvibratior reouancy and tha unsersinly 'of lhe FMdicabed froquency band.

Af frequanciot elow 3 GHz, e calidily of iosus semameton fc ond ) con e mleecd fa L 10% if lizwd companaation farmula b appled 1o
mmanirad SAT walies A tocuencies sl 3 OHo B validite o ssue perenuters (s @ o) & -estricted 1o = 5%, “he uncanairy Ik tha RSS of
the Cornl™ unwelanly Fu bedisale Syet issos paamios

Carfificate Mo. CT3-1500_Amy11 e S

Page 7 of 57




™
Annex E to Test report no.: 1-2977/11-100-03 WCOM
=

ETa0WVA SMO155R August 23, 2011

DASY/EASY - Parameters of Probe: ET3DVG- SN:1558

Calibration Parameter Determined in Body Tissue Simulating Media

| . | Relative _ | Cunductivity | | Rapth Unel.
f(MHz) ~ Bermittivity [Sim) ConwF X | CoowFY | ConvFZ | Alpha {mm) (=2}
T30 | 55.5 0.94 -R-FS a8 2,97 I 0.6 .54 1 12.0 %
833 | b a4y OB L. o.8b .65 .88 *12.0 %
ann 55.0 1.08 B Lrr S0 nE? 158 120 %
1750 hi4 149 4.8 A.b2 452 053 278 # 120 %
100 bad 1.6 4.40 4.20 430 .58 261 2 12,0 %
2450 | 527 [ e du0 Bu0 3100 .86 19 | 21009 |

£ Srerpicnny widing of + © 00 MHET iy apphes fof DASTY w32 ond Faghar [sea Fage 2, &l it is resinctad B 2 Gl NHZ | 1& uncenairty s e 54
ni ihs TonwF aneensiety o Collbesian frodueticy and tho unzafainty for the indeated taquancy basd,

Ab frecuanciae balow 3 GH2, 1w val dity o Besuo parsmelem (e and o) can ba ralnaed ta 4 008 if liguld eompassaties fTermida b appled o
meamred GAR valnes A freqienncing ahdsss 3 GHE U val dily of iesus paerelers i mxd o) is ediciec o2 55 The uncertainy is iy RS of
the Conel” uncailoits b infiuahed Lay sl iane peameies

Cerificats Ho: CT310508 Auglt Page Ao’ 11
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ETIDWG- SM:AGES Auvigust 23, 2011

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

=Mequensy “capanse [normalzes)
=
]
L

Uncorlainty of Freguency Response of B-flald: + 6.3% (=)

Carificals Ho: CTI-1550 Augil Bap= T ul 11
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CETECOM
-

ETADVE - 3M. 1554

Receiving Pattern (¢), 8 = 0°

AugueEt 23, 22 1

=600 MHz, TEM f=1800 MHz R22
u o
i L
" Y 5%y na nd Cne X e T
e ™ e
o Jilr
L [ [ . . [&
Tt b ¥ L Tat A ¥ F]
e
iy -— ! e —
:':: fi " lJ__;,.-r?‘f1 a s 3 1-u R e - PR S, [ g -
F T i Rt o S el Lt
u | i ]
BE i .: oA R | TER 3] i i
B 5 : : !
I 1 Ly i1 - L I . 1
_|!n.. S :!r_ -!-l ‘_,!r Iﬂl'I ]
. Rali [
I LI.'H_ = -T.'—'I!w |.11'|'FI|H "nﬂgdn--

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

Garificate Ho: CT3-1550 Augtd

Pay=Ful 11
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E130VE- SN 1553 August 23, 2011

Dynamic Range f(SAR},..q)
(TEM cell , F = 900 MHz)

10!
Y
=
™=
=
h=1)
o
=]
©i
=
0
o
10: | 10! | il (I i
10° 10+ 10 0’ 1na 10
SAR [mWiem3|
¢ | + | L® |
¥ zompensated X ool puornprmsated ¥ nper el
* [ [#]
¥ not com paneatad £ companeated 2 nat cormpancalod
a -
! all
g 'l i | i
W g et : ; f
1 el
i 1 |
104 A 1 0 0
SAR [m¥Womd|
. LBl
X cumpensated & NOT COmpRSAED 1 e pansalag
* | 5] L*]
¥ not eempansaied £ eampensaled 2 st cecmpensated
Uncertainty of Linsarity Assessment: +0.6% (k=2)
Corilicale Mo: ET3 1508 Augi1 Pags Eof 11
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ETADVA- SN 1658 August 23, 2011

Conversion Factor Assessment

F= 900 MH? WELS R9 (H_conv}) = 1760 MH2 WELE HZ H_coma-)

E]
a0
=
i
-
3 3 | i |
] ¥
5 : S \
= 1
g i
13 i
10
: $|
(1 |
L u
' i E E i = @ @ | " & o - w - e
e arre
A Al ] 1)
T [Sern] vy P

Deviation from Isotropy in Liquid
Error (#, 3), f= 900 MHz

in
A
0.0
04
032
on
SR b
0.1
A
g
1.0

cwiaten

-1a «h#s 08 04 HF 00 02 04 DB 08 13
Uncertainty of Spherical Isotropy Assessment: £ 2.8% (k=2)

Certfficate Noc CT-1550 Aug1

Prye 10wl 11
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ETA0WS— SN 1558 Papgusl 23, 20°°

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

Other Probe Paramatars

Semistn Nlmlurﬂlll'lll Trlm
Connestor Angia [°) Mol appicable
| Mecnanical Surfaca Detection Mo crnbied
Optical surtace Udtection Mode enablcd
" Proba Overall Lenath 57 mm
“Proba Body Diameter 16 mrn
Tip Length 16 e
'mﬁ' 6.8 mm
Frobe Tp o Seimc X Calibralion Prind 2.7 mm
| Finbe Tipr o Senses ¥ Galibration Pont 2.7 mm |
m" I Sepnsnr 7 Calinmtinn Polng 2.0 mm
. Hucomrmendod Messurermrent Distance from Surfaca £ mnm |
Crlilicate Mo FTR. 0888 At Page 1107 17
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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
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Calibration Laboratory of 3;“'@":-,_ Y ETS & Sehwoizarlsehir Kabbricrdion

Scomid & Partner ﬁ—ﬁi d iy B C Service avizse d'élalonnuge
Epgineering AG T :Ig, I‘Q‘;‘j“_s_,l Derviain BVIZEErG delaraluna

Zaughawssirasse £3, B304 Zyrich, Swiizgrlang .-;z"'.ﬁ\‘}; (i HP" 5 Swias Calibralion Serndie

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

Palarization o Ao around proDe axis

Palarizatam 3 3 rofabon arurd An a8 1hat 1§ i ihe placs ormal 1o proke 8305 (73] MeAsurement: Center;,

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
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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
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Annex E to Test report no.: 1-2977/11-100-03

CETECOM
b

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
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Annex E to Test report no.: 1-2977/11-100-03 CETECOMT“
w—-—.

ETI0OVE SH:i550 January 18, 2011

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

Calibration Paramecter Dotermined in Head Tissua Simulating Media

F [MHz] Validity [MHz" Farmittivity Conductivity  CowF X CorwF ¥ LonwF Z Alpha Lepth Ung {k=2}
430 5011 1CD S35 £ 5% 0.B7 = £y 7.9 T35 730 Q.38 207 +133%
B3S £BD/ 2 100 155 090 & 5% B33 %33 G 235 300 2 11 g%
and 5072 G 455 097 £ 3% 6.20 .20 B 20 026 300 £11.0%
“Tan £ 507100 407 £5% 1.37 = &t .28 .24 526 0.3 168 +11.0%
TECE 500 =100 4000 = 5% 1.40 k5% ERiK L.02 502 .79 180 £ 11.0%
2l 1 50 £ W0 3E+5% 180 £ 5% 4.33 4.33 436 073 202 £ 1167%

= 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 Pa;e Sal 11
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Annex E to Test report no.: 1-2977/11-100-03 CETECOMT“

ET3IOVE SN:1559 January 1%, 2011

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

Calibration Paramcter Datermined in Body Tissue Simulating Media

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

Page 19 of 57




Annex E to Test report no.: 1-2977/11-100-03 CETECOMT“
w—-—.

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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Annex E to Test report no.: 1-2977/11-100-03 WCOM
=

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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Annex E to Test report no.: 1-2977/11-100-03 CE”COM
R =

ETIDVE SN:1559 January 19, 2011
Dynamic Range f(SAR;..q4)
(TEM cell, f = 900 MHz)
1 E+08
1.E+05 |
1 E+04
s
3
&1 E+03
5
2
-1
515-02
1.E+01 |
1.E+00
0,001 .04 0.1 i 10 100
SAR [mWiem’]
——K W Kooy —8—Y —E—Yoowr —8—7 —@—7Icov
200
1.00
Eﬂﬂﬂ |
B
-
& 001 .0 .1 i 10 100

SAR [mWiem’]

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

Carificate No: ET3-15658_Jant1 Page @ of 11
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Annex E to Test report no.: 1-2977/11-100-03 “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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Annex E to Test report no.: 1-2977/11-100-03 CETECOMM
w—-—.

ET3Dva 3N: 1555 January 198, 2011

Other Probe Parameters

Sersar Afrargement 1niangular)
Connectar Angla [} Mot aoplicable]
Mecamcal Suface Doleslion Mode enablec
Optical Sudace Celection Mode enghled
Prabe Cverall Lengih ’ N 337 mm
Frabe Body Dizmeter . tBerm
Tip Lerglh “oarm
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.
Cerlfizote Mo ET2-1559_Jantd Faga 11af 1
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Annex E to Test report no.: 1-2977/11-100-03

CETECOM
=

4

Calibration report “900 MHz System validation dipole”

Calibration Laboratory of fw\‘}l,:,,;, : éﬂ‘?ﬁ‘é g Sehwniarischar Kslibrisrdionst

Schmid & Pariner ez = G SR Tnissnag
Engmﬂﬂrhﬂ‘ A T ‘E % [‘:115 J Bervicio svizomo O A

Zeughausstrasse 41, BO04 Zurleh, Switzarland AT GrEY Y 3 Swise Collbrstion Service

LT il

Accredided by the Swiss Aocraditclion Sorvice (SAS) Accraditation Mn - SCS 108

The Bwisa Accredilelion Service is one of the slgnatories 1o tha EA

Multilataral Agreement for the recegnition of calibration sertifioates

cien  Celecom Ceortitieate Mo: DS00V2-102_Augil

|CALIBRATION CERTIFICATE

=)

Oblect DR00Y2 - SN: 102

Galitwation pruesloreis) m CAL-08 vE

oL dete. Augeest 15,2011

Cialitratinn o ipmens reod (MATE oiocal 'of caibnaton)

Calibration procedure for dipole val'dation xits above 700 MHe

Thic salbralicn serbficats doourents the crascebil by 16 nod enal sasdards, whizh reaiizs the physical wnits o moasuromds (35,
he maasursments and 1he unconaintias wih eviliderss prmbability 8 gean on tho followng pegod and Gre por of the cedificaie,

AR caliealont hawe bean condicted in tha cleesd laboraory loodity: onviror monk tomoaraturs (20 0 310 and hurmidin < 709,

Thi calimasan eadilinatn shall nor b reproducec excep: i Ul wilhout witen approval of e Inbosatory,

Frimiy Stanidards [oF ] Cal Dara (Caniieam Na ) sendulnd Calibmnhon

Movver matar D74 -4424 GBATHEOT 08-Cct- 10 hiw. 217-01208) Cux-11

Power conste HP REATA L Ry ) D3-0xl-10 (Mo 297T-O1264) Q=11

Hatarance W& &g Aftenuator BMN: EE0EE 120b) 2 Mar 11 ihe. 247 01337) Apr-12

Typuetl nbsrssics o cineidnsiion Shi: S0y X f (e f Ed A1 gh, 15N Apr-12

Reirirse Fiobe FRINVE SN: 3205 23-Apr-1 1 (ho ESAGE06_Apet ) [

DAE4 SN G Oddu-11 (Mo, DAE4-001 _dull 1) b= 52

Socondary Smandars e Chask Dhee (iIn hisusa) Eaheduled Cheali

Power s2nsar HP B4l & M T 18-0ct-02 [N hovse chesk O008) In henres ekoce Do

HF generator S55 IMT-08 W0D005 J4-AuR-8E iin house cheak Cor-0) In hotsn eRees (011

Motwosc Anolyzer HE D7SCC USITI00005 C4200 10-0c1-0d {iv frowsw clwech Oul=1D) Iin Tooizs b e Ohct=0 1
Mare Funclion Eigryifs

Colnened by LEaipdio LSubdag Laboratony Techn Cian FI .

AR
Approved by; Ho| P Techical Manager

ey

Izsirel, Aangusl 12,2011

oo Ficele Nuc DE00V2-102 augi i Fage1 ol s
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Annex E to Test report no.: 1-2977/11-100-03 “moy
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H i _—
Cﬂ"hf““un Laboratory of ‘1':“:';‘-—_;_’1;???) IS&\ g Schweberlscher Kallbrierdienst
Bchmid & Parlie Jﬁ#} o (D Service suiess cCélalorrage

Engineering AG e L LU T @"j C siviiosvtiiess di e
Teughaussiasss 435, K03 £unch, Switzerland et -%;&RE;/ S owies Calibiation Eervice
(T Pkl
Arrnitod g I Swies Avcraclistion Sarvies (S45) Ascraditation Ng.! scs 108

Tl Gwviss Acaedilabivg Sevice ls one of e skoasloies (o the EA
WMultilateral Agrecman! tor the recegnilion of calibralion certificalus

Gloszary:

TSL lissua simulaling liguid

ConvF sensitivity In TSL/ NORM xy 2
M/a not applicable or not measured

Calibration is Pertormed According to the Following Standards:

a) ICTT 5td 15628-2003, *|IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) In the Human Head from Wircless
Communication2 Devicas: Massurament [ echniquas”, December PO03

b) IEC 62208-1, "Procedure to measure the Specilic Absorplion Rale (SAR) for hand-held
devicos used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)*,
Fabruary 2005

&) Faderal Communications Commission Office of Engineering & Technology (FCC OET),
*Evaluating Compliance wilh FCC Guidelines tor Human Exposure to Radiofrequency
Electromagnctic Flelds, Additional Information for Evaluating Compliance of Mobila and
Martable Devicas with FOC Limits for Human Exposure 1o Radiofreguency Emissions”,
Supplemen! C (Edilion ¢1-01) 1o Bulletin 65

Additional Documentation:
d) DASY4S Systemn Handbook

Methods Applied and Interpretation of Parameters:
« fdeasurement Conditions: Further dsiaile are availablo from the Validation Heport at the end
of the cerliicata. All figures staled in the cenificate ara valid at tha fraquency indicated.

«  Antenna Parameters with 15L: The dipole is mounted with the spacer ta position its food
point exactly halow [he conler marking of the flal phanlom section, with the ames orlemad
parallel to the body axls.

s Feed Point Impedance and Return Loss: Theso paramctors are measured with the dipole
positioned under the liquid tilled phantoem. The impedance stated is transformed from the
maasuramant at the SMA cannactor ta the foed point, The Retum Loss ensures low
reflecled power. Mo uncearlainty required.

o Elecircaf Delay. One-way delay batwesn the SMA connector and the amenna fead point,
No uncenainly required.

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

+  SAR normalized: SAR a3 measured, normalized to an input power of 1 W at the antenna
connechor,

«  8SAR for noiminal 151 paramatars: The measured TSL parameters are used to calculate the
nominal SAR result.

Corbificate Mo: COO0VE 102_Aug1d Pego 2t
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Annex E to Test report no.: 1-2977/11-100-03 WCOM
=

Measurement Conditiona
DAGSY systemn configuration, a2 far as nol given w) paye 1.

DASY Varsion DASYS Y¥52.6.2

Extrapolaton Artvanced Farapolation

Phantom Ktoduar Flal Phanwm

Digtance Dipels Canter - 15L 1k mim with Spocer

Zoom Scan Aesolution de. gy, dz = S mm

Frequency a00 MHz L 1 MHz
Head TSL parameters

The tcliowing parameters and celoulatiors ware 2pplied.
Teimpealure Permiltivily Conductivity

Nominal Head TSL parameiers LR 116 S mhodm

Measured Head TSL parameters (220 08°C 403LE6% €.95 mhafm -8 %

Head TSL température changs during test <05 —
SAR resull with Head TSL

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

BAF muasured 250 MW Input power o8 mW /g

Sak far nomina’ Head 150 parametare normalizod to 1V 10.2 mW /g « 17.0 % (k=2}

SAM averaged aver 10 em” (10 ai of Head TSL covd ticn

SAN measurec 20 |l e 173 mW fy

SAR ‘or nominal Hoao TSL paramatars normalizec to 10 .07 mW g = 16.8 % (K=}
Body TSL paramatars

I'he ralowing parameters and calcuinfions woro appliod.
Temporature Parmitiivity Condustivity

Mominal Body 15L parameters 2z0°0 55.0 1.05 mhavm

Mensured Body TEL paramotera (P20=02)%C G20=0 1.05 mhoim + 6%

Body TSL temperature change during lesi cfiqit et s
SAR result with Body TSL

SAR averaged aver 1 om’ (1 g) of Body TSL Condillon

SAR measurad 2l mvy Input scwer 2BImMW g

SAH o noningl Budy TEL prmmeaters normal 2ed tc 1W 1.2 mW /g = 17.0 % (k=2)

SAR averaged veer 10 cim® {10 g) of Body TSI conritian

EAR measured 250 mW input powar T.HEm¥v g

EAR lor nominal Body TSL parameters normealized ta 1% 729mW fa =165 % (k=2
Lodtcato Mo: DODOVE 102_Rugil Page 3ol @
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Appendix

Antenna Paramelers with Head TSL
Impedance, transtormwed lo lesd poing 4880 -50]0 I
Relum Lozs 28,0 d8 l

Antenna Parameters with Body TSL

Impedance, lransionmed o fead pont 4680 -64 0

Hoturn Loce -22.0d0

General Antenna Parameters and Design

bnﬂﬁlml [lelsy jone direckion] 1407 na

Aftor iong torm use sith 190 taclial=d powesr, anly a slight warming of the dipole near the feedpaint can 2@ measurad,

I he dipole s rmade of standard semingid coaxal cable. The cantar conductos of the feex firwgy s e civccily corwecied b the
geeond arm ol the dipoke. The antenna is therefore alr-c reailed Tor DC-signals.
Mo exceceiva fo'oo must be appisod 1o the d pele anma, because they mght bend or the soldered cornectons ear the

fesdpoint may ba damaged.

Additional EUT Data

Manutacturcd by SPEAG
Monufostured on darmany 24 2001
Codiicate Mo, DOO0VE-102 Augii Patedcf 8
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Annex E to Test report no.: 1-2977/11-100-03

CETECOM
=

DASYS Valldation Report for Head TSL

Fest Laboratory: SPEAG Aurich, Switecrlamul

DUT: Dipole 900 Milz: I'ype: DY 2 Serinl: DYHY2 - 5M: 102

Communication Sysrem: CW Frequengy; 900 MHz

Madium paramerees used: =900 M1z, o — (095 mbhodmg g = 407 p = WD l'glfm'-

Phimniom senion: Fla Section
Mesurcment Standard: 1XASY 5 (IEEEAECANSL U 192007

[XASYS2 Configuration:

Probe: ES3DV3 - SN2205; ConvF(5.97, 5.97, 5.97): Calibrated: 29.04.2011
Sensor-Surface: 3mm (Mechanical Surmace Datection)

Elzctronics. [TAED Subl, Calibrated: (.07 2001 1

Plintiom: Flal Phantom 4.90: Type: QDINOP40AA: Scrial: 1001

DASYAD 52024820 SEMUAIN X 142.503044)

Drare: 15.08.2011

Dipole Calibration for Head Tissuc/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)3/Cube ()
Measarement grid; da=5mm, dyv=5mm, dz=5mm
Referzne: Value = 59,847 Yo Power Dl = <004 d0R”
Peak SAR (extrapolated; — 4018 Wiko

SAR( ) = 2.69 mW/g: SAR(ID g) = 173 mWig
Maxiimum value of SAR (nreaxured) = 3146 mWie

2

el = 3 150mW/y

Certificate Mo: D900V2-102 . Augl Pages ol @

Page 29 of 57




Annex E to Test report no.: 1-2977/11-100-03

Impedance Measurement Plot for Head TSL

CHL Yarkers
L 44,168 0
I0804 &
HELUUR "Hx

2 Harksrs

4 RIZTET ID
T EEY FHY

1% Fug ZJEel1 188714
CHD 5.4 1l F& HALFI R o =RMI45 0 A7 sF HIATLEEAN (V00 M
_— e .
A
[ r - -
Del / &
r e
"
Ci j
|
\
|
..
Py "
18" \
nd g I
Lz gz LG B gA<REE =28 4B T RE=in u.u,_:uu-mn.mmw,.!
1 ]
- g 1§ TN -
— — e ————— S ——
—~ - —
— et = ~a
1A I . ;_.-r
™ ;
z ',"
I
e | —1 ——1
Hid - U
T START TOREGR 390 RHz EToF 1 200,002 008 FHz
Coriticate No: DI00OVE-102_Awu1l Pagaicf b
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DASYS Validalion Reporl for Body TSL
Dyt 15082011

Text Laboratory: SPCLAG, Zurich. Swilzerland

PTE: ik WHE M Hz; Type: DY0OV2: Serial: DOV 2 - SN: 102

Commumeation Systam: CW: Frequeney: ) MHz

Medium parameters used: = 9 MHex; 6 = 105 mhofm; o, = 52.8; p= 1000 Jn:_;:u"m'
Phamcmn section: Flal Section

Moeasurement Standard: DASYS (IECEIEC/AMST CH3, 19-20007)

DASYS2 ComDiguration:
=  Hrobe: HS30VE - BNA205: ConvB{5.04, 504, 5.M); Calibrated: 29.04 2011
s Sensor-Surface: 3mm (Mechanical Surface Datection)
¢ [Dlectronics: AR Snédl L Calibrated: 04.07.2011
= Phantom: Flat Phantom 4,97 Type: QEHEOOPIPAA; Seriac: (0]

o TIASYS2 52 6 2(482); SEMCAD X 14.4.5(3634)

Dipole Culibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7¥Cube 0
Measurement grid: ¢a=5mm. dy=5mmn1. dr=>mm

Reterence Vialue = 56,479 Vim; Power Dirift = 0,03 (R

Peak SAR {extrapolaed) =4.331 Wikg

SAR(] g) = 283 mW/p; SAR(10 p) = 182 mW/g

Maximum value of SAR (measurcd) = 3319 mWig

[LiL}

22

=180
m
8 At
=1 1.46
0B = 3.320mWw/ig
Crililicals Mo DROCY2-102_aLg || Page T of &
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Impedance Measurement Plot for Body TSL

i5 ﬂl.rs 2041 1arEluy
1 =11 1UF5 ZeLimEn  =h :_i_"_i Ao ITTANT pF L HAR BT TH T

1L Harsers

Dl i
4 4L.592 0
452 &

Cer f W L i FEATLES B MM 2
1 o3 i 1
' { @~

I'"é .IFI‘?"-.,__ =
i<
CH2 Gi1 L:!i- B SRy REF _-28_ (F -3 1.353 UE FEE 00 €5 fids
B A P | A —— |
| T | —— ] CHI Harkers
| | | il |
, I i F T I T 1 41 WETEE 4D
oe: | | [ 5 |~ | AL AHE
] vt 1 i | i }
| \ 2 A |_
. =1
“’ﬁ\ /| |
. | 4 } -
¥
ik I - | 1 I
| ' § £ -
. | | | .
e f— i } } } | — 4 TSN AE—
| |
T GTARI MEE.880 000 HH : T ETOF 1 L06.000 004 HHz
Cothoote Mo: D90O0VE 102_Augii Foye D of 0
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5 Calibration report “1900 MHz System validation dipole”

Calibration Laboratory of & Schwelzerischer Kallbrizrclenst

Schmid & Parnar
Engineering AG

Fougnanceirases 43, BI04 Zurich, Bwitzerland

Accredived Ly the Swss Azcmdtaton Sanacs [SAS)
The Swics deereditation Serddes g one o7 T8 IQREGHGE 16 1S B4
Muhliloral Agrenment fnrﬂmnmngnl‘rl.rm of callhrafion ceniflcaien

e

Client

Servive sulssy O dEiennape
Bervirio svicos o di laralina

Bwiss Calibiatlon Sorvieo

SNocoredilalon Mo SCS |°ﬂ-

Cartificaie Ho: D1900V2-54009_Augid

[CALIBRATION CERTIFICATE

‘ (& FTEE

Cafibrnfion procaduredal

Calbrator dane:

D1900VE - SN. 54009

QA CAL-D5.v8

Calibwation procedors for dipole validation kits above 700 MHz

Auguet 17, 2011

Thig calbration certiicats dosumovie the taceabiily 1o aalioral suindards, whoh realize e phyvacal urits of moosurcmerta (13,

Thi moazurengnts and tha uncerta riiss with confidenca probability ara giver on B following pagee and ar part of the carlilkaobo

Al anlibratann horee boon condwétzd ir the cleecd lobombary Inciltv: env ronmant tenperature (22 + 370 and hueldity « 705,

Gol'braton Egquipmen) uadd (MATE o-ical for calibratian)

Phmary Sandards DY Col Dabe Geillivabo ho) Scdembile | Grlilyation

Moiwar matar CPRA-4424, GO qu0104 L0t O (Mo, 24 7-012000 (11

Prower nonanr HP 84481 4 US57282T00 CO-Oat-* 0 (Mo, 207-01205 Oct 11

Halarenca 20 40 Atkanuatar BM; 55088 {208 29 Mar1* (Ne, 297-01287) Apr-12

Igprs-24 mmismAh rembinason BN BUAT 2 OEIST 20 Mar 17 [Ne. 297-01371) Apri@

Refzrance Frabe BSOS Sh S HEADE-11 (Mo, LET-3208 Apr11) Apr12

FraF4 SH: puUt D= Jii=T7 (MO DEEd-4IT il T SJu-12

Sucoirdary Sl nards I IC Calena Chden {10010 154 Scheduled Crec

Puweet St HP A4R1TA YIRS T 1Bl 012 1 beares cherk Oet06) In binaes chock Tt

RF gencratar B&S ANT 00 100005 d-Awi - i eaees coaeck Crel-08) I Iesise chrek: Sepa

Fhulranh Arubocts 1P 37FIC UGITIS00ES 542006 1B-0ct-0 1in Moiesé check Oci-10) b check Sad-11

Hams Furstion
Celbredel iy Claudio LaJbsr Latrorasony Teg|mican
Approved by: Katia Pahovic Tuliival Marcspi ‘;,/.f/ f :
FESL A
lsasnenl. dagpes 12, 20011
| This calitration centif cate shall not be rapioduomd sweyd in ful wi ot witlen sppreal of o chomiang

Caificatc No: CHS00W2-LoliHE_Aug11
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Calibration Laboratory of
Schmid & Pariner

Engineering AG
Zeughausstrges 43, 8004 Zurich, Switzarian

Schwelzerlachor Kolibricrdiensd
Eervice ouicoe d'dlalonnags
Servizio avimero di laratura
Kuwier CaliBrallan saniee

Accrodited by he Swiss Accedision Sendra [SAS) Aceresdiation No: SCS 108
Tha Swiss Grrreditation Sprvics s nns ol the signaineis o e P4
Kudtlinioral Agreemen) for the recoginifion of calibmalion cerliicalss

Glossary:

TSL tigsue simulating liquid

CanvF sansaifivity in TSL / NOHM x.y.2
[T not applicable or not measured

Calibration is Performed According to the Mollowing Standards:

a) IEEE Std 1528-2003, “IEEE Recormmended Practice lor Detenmining the Faak Spatial-
Averaged Specific Abserption Rate (SAR) In the Human Head from Wireless
Communications Neavices: Maaaurement Techniquas”, December 2003

by IEC 82209-1, "Procedurs 1o measure the Specific Absorption Rate (SAR) for hand-hald
dovicos uscd In closc proximity to the ear [fraquency rangs of 300 MHz o 3 GHz)',
February 2003

c) Federal Communmecalions Commission Office of Fngineering & Technology (MGC OLT),
“Evaluating Compllance with FCC Guidelines for Human Exposure to Hadivlreguency
Elcctromagnctic Fields; Addiicnal Intormation for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Fxposire tn Radiofrequancy Frnssions”,
Supplement C (Editian 01-01) to Bulletin 65

Additional Documentation:
d) DASY4/s System Handbook

Methods Applied and Interpretation of Parameters:
s Meoasuromont Conditions: Futhor detalls are avaliable frem the Validation Report at the end
of the cedificate. All figuras stated in the carificate are valid at the trequency indicated.

«  Antenna Paramelors with 151 The dipale s mounted with the spacer o position its feed
puint exactly balow the canter marking of the flat phantom section, with the amms orienied
paraliel to the body axis.

s Food Polnt Impodance and Retum Loss: Thesa parameters are maasurad wilh he dipole
positinnad under the liquid filed phantom. The impedance stated is transformed from the
measurermnznl 4l lhe SMA conneclor lo the feed point. The Returm | oss ensures low
reflacted power. Mo uncanainty required,

s Efoctrical Delay: One way dolay botween the SMA connector and the antenna fewd poinl,
No uncertainty requirad.
=  SAH measured: GAH measured at the slated amenna input powar,

o SAN normahred: SANH aa maaaurad, nomalized 1o an input powor of 1 W at tha antenna
connector,

»  S5AR for nominal TSI paramatars: The maasurad TEL parameters are used to calculate the
nomingl SAR rosull.

Cenifizate No: D1900W2-L4009_Augil Page 2ol B
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Measurament Conditions

AN systenn conligpualion as far s ool st 001 pEgy |

Vo2

DASY Verslan MASYL

Extrapolation ) Addvancad Cxlrapolation

Phantom Kodular Fat Fhantom

Dietance Dipole Center  TEL 10 mm with Spacer

Zoom Scan Resolution dx, dy, dz =5 mm

Frequency 1900 MHz + 1 MHz
Head TSL parametcrs

Trig folwing parametors nd caleulnlions wass applind,
Temperatre Hormittivity Conductivity

Nominal Head TSL paramotore 20090 40.0 1.40 mbao/m

Measured Head TSL parameters geo=C21°C JuH5+H% 142 mhovm 2 8%

Hoad T5L temperature chrange during les) <050 i i
SAR result with Head TSL

SAR averaged over | cm” {1 gj nf Head TSI Comditkan

SAR messurad EhE MY inpait penser T W

BAH lor nominal Hzad TEL parameters rormalized to 1W 40.0 mW /g = 17.0 % (k=2)

SAR avoraged over 10 e (10 g) of Hesad TSL corwdiRon

SAR mesasred 250 MW Input perver B/ MW /G

SAR for nomnal Head TSL parameters narmalizoed to W 20.9 mW /g £ 16.5 % [(k=2)

Body TSL parameters

The fellowing pararretars and calculations were asolied

Temperatura Permittivity Conductivity
Neminal Bedy TSL parameatars 220+C 533 1.52 mho'm
Measured Body T3L parainelars (F20+022)°C SIf-A% 1| 57 mhndm + f =%
Body TSL temperature change during test <5 iaa e
SAR result with Body TSL
SAR averaged over 1 em’ {1 g) of Body 15L Cenditian
SAH moagared 250 MW npul power 1MN4mWig

SAR for nominal Dody TSL caramretass

normalized o 1W

40,8 mW { g = 17.0 % (k=2)

SAR averaged ovor 10 cm’ (10 g) of Bedy TSL

conaition

HAR Imudsumd
SAR for vominal Dody TEL paramaters

2E0 MW Inpul pewer

nninaliced o 1%

EA3mW /g

1.5 mW i g = 1685 % (k=2)

Carifizata Mo DA1900Y2-54009 Awg11

Paga 3ol 4
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Appendix
Antenna Parameters with Head TSL

limpedance, Fansfonmed o Teed poial MAG+27 0

Aetm [ass -3An9dR

Antenna Parameters with Body TSL

Impadarce, transtorred ‘o lood pomnt JEETI 28 0
Retam Less 2648 4G

General Antenna Parameters and Design

Clectncal Delay {one direction) 1.180 na

After Inng trom use velth IROW radiater nowver only & slight warming of the cipole nsar the Tesdpoind can e messomd

Thix dipdlo le made of standard comirigid coaxial eable. Tha contor eonductor of the icoding lirc ic dirogtdy connostad o tho
second Zrm of e dipole. The anteond is Perelore sho-cireuiled o DC-sigeals.
o mrcossiee locess neosl big :,r||||f|;-|l T Bl Jj-ipulu AN, DR R Irugy |r1i£ﬁ|l baaancd oor Blsa sodensnad] conneclions near he

leedpoint may e damaygec.

Additional EUT Data

Manuractures oy SPEAL
Manulaciurco on Fobouany 22, 2002
Cenfizaa Mo TYEve-Sorne_augn Pageao' s
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DASYE Valldatlon Report for Head TSL
Dusie 16082011

Test Lahorarory: SPRAG, Furich, Switserland

DUT: Dipole 1900 MLIz; Type: DI900V2; Serial: DI900OV2 - SN Sd00
Communication System: CW; Frequency: 1WE MH:2 "
Medivm parmeters used; 7= 1900 MHa: o = 142 mlwfin: s = 305, p = 100 kpfm®
Phantom seetion: Flal Scetion
Messmenenl St DASYS (IEEETECANS] T3 19.2007)
DASY 52 Conligurition.

«  Probe: ES3DV3 - SN3205: ConvB(5.00, 501, 5.0017); Calilwated: 2904 201 1

«  Seneur Surluce; 3mm CMechamenl Surface Detection)

»  Elecuunics: DAEL Sna01; Calibred: 04.07.2011

»  Phumome: Flin Phanwm 3.0 (from}; Type: QDOGOPS0AA; Sevial: 1N

v DASYS2 52.0.20452) SEMCAD X 14.4,5(3632)

Dipole Calibration for MTead Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7 ) Cabe
Measuroment grd: dx=Smm. dy<5mm, dr=Smm

Reference Vulue = U7,320 Vimyg Power Dl = 0.04 B

Peak SAR (extrapolated ) — TR0 Wike

SAR(I g) = 10.1 mW/g; SAR(10 g) = 5.27 mWig

Maxuonum valoe of SAR (measure) = 12,504 mW/e

)

Y]

=

LK

RERT

i

0dE = 12 500mWw/z
Camiieaie My T |;"|nw~5nr.n!=- angl Pape 5ol A
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Impedance Measurement Plot for Head TSL

U6 Mk FA Aeafiadd

EEd 311 AT 1 314110 TEMAo 22R34pH EREICTRATH T TON § T
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Hil
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RIAEDL ] JSERAM RS IHT ATOF ¥ iadond 680 e

Cuilicale Moe: D1200V2 BJ00E_Muyll Pugpu 60l 8
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DASYS Validatlion Report for Body TSL

Lrate: 7062001

Test Luboratory: SPEAC, Furich, Switzerland

DUT: Dipole 1900 MHe; Type: DI900V2; Serinl: D900V - SN 50009

Communieaiion Sysiem: CW; Frequency: 19060 MHz
Mediom parumeters used: = PHN MHz: a = 1LY mbo/m; ¢, = 33.% p= [N hg.fm'l
Phanrom section® Tlar Section

Measurement Standurd: DASY 5 (IEEBAECANS] (03,19 2007)

DASYS52 Configuration:

Probe: ES31V3E - SN3205; ConvF(4.62, 4.62, 4.62); Calibruted: 29.04.201
Sensor-Surface: Imm (Mechancal Surface Deteston)

Blectronica: 12AL4 Sn6lll: Cahbrated: (4417 20011

FPhanrome: Flar Fhantom 3.0 (back): Uype: QLOOOPS0AA: Senul: 1002

DASYS2 52.6.2(182); SEMCAL X 14.4.5(3034)

I¥ipole Calibration For Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7727 W Cube :
Measurement grid; dx=Smm, dy=5mm, dz=5mm

Heference Value = Y3 2600 Wim: Mower Dl = 0082 4B

Peuk SAR (extrapolaied) — 18,437 Wikg

SAR(L g) = 104 mW/g: SAKRL0D gl = 543 mW/ig

Mas i value el SAR (messmedi= 13 111 Wy

=&

1833

0AR = 13 | HimW/g

Corlilivide Mu: D1900V2 5d009 Augl i PAaga T ol f
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Impadance Measurement Plot for Body TSL

L7 Mug 2841 AC14S01D

EH1) &1 L W-FS LrARSrEH US4 TISAUEH L 900,230 BE0 Kz
L]
i s

5

i

.I

y
Wi \
tla
CHZ 311 LOA % gBSREF <28 df =26 FEM AH L YEMLAHN W THE

e ) L
Ck e - ——t e
e b = - w =
= | g |
"'\- 1 -.'__u-
4 | B '\-\_B."..
e -
did
SIRKI 1 /U008 D08 wHz ST & 4 R0 000 s
Codificate Mo: DIABOVA-SdA008 Augl “aipeHal A
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6 Calibration report “2450 MHz System validation dipole”

Calibration Laboratory of SN, Suhweicerischer Kelibrierdienst

Schmid & Parlne: Sy Service sulsse déialannage
Engingering AG i Ecrvizio avizzero o torature

Zcughausslisssc 43, 30 Zuiich, Swileerland =g&ﬁ{:\‘}:" Swiss Caliirstion Service

Aoorodited by tho SWes Acaraditation Servioe [SAS) Accreditation Ne: SCS 108
Tha Swies Aecreditation Sariioe ig ane ol the signaledes la the EA

fulilisteral Agrecnneni for the recognition of calloration certi|cATES

clien:  Gefecom Sartificats No: D2450V2-710_Aug1i
|CALIBRATION CERTIFICATE |
Cinynet D2450M2 - SM: 710

Col braticn procedurs(a) A UAL-OZ.vD

Calibration procedure for digole validation kits abave 700 MHz

Calilration cato: Muguat 14, 201

Thiz ralraninn ramicac 0oTUmens e Iraseaiiily 12 natonal standsrde, which ‘cales the prefecal unic of maacummaonds [S1).
The measurcrcats ard s et diss o b confcdes e prodhility ace gheresr an ika hllrmﬂ'lg ragsEs and are nam of tha cenif cate

Galitatioy Coupimod Laad (METE crilial i w48l 1ation)

All it Pave seen ouesected in U clused labaaizey Ry erdinnrmens TREderstl. = (@2 + ) 0 ani Demsing < 1

This nA ihmtan cemilicaw: shal noe ba reprodocan saces in Ll asnout witten gppeoval of e laboralony,

Primary Standards 24 Gul Druales { S lilizades No,) Soheculed Cakbration
Foiar malar EPLAS 28 CRITABOTM 06 Oct 10 (Mo 217 J1288) Ot 11

Frwvar aerscs HP 8407 A S e QUL (Mo, 297-01268) Lul-11

Fulwance 20 U8 AllErEIT S S50FA [#10] FHAITLTT (D A1 LR A1

Typef mismatch combiratizn AM: H04T.2 7 pasET 2011 e, 21700371 aar 2

Medsrance Pebo £530V3 GM; 5506 OAgr 11 (Mo, EB3 3205 Aprl1} A1

LaEd BM:ELY 04 Juil 11 iMe. DAE4 301 _Jui11) Jdud- 42

Suunbany Slainea 1D & Gilack Dals {In frusas) Seherilpn Conek
Moves* aanear M 4014 LR L= 18 Ocl-D2 (i hunsss ohech Out-08) I Iwmee chrack: (in;:-lF
RF gensrator R&S SMT-0E 100306 4 fug £9 fir houac chook Qet-0D) In Mok oheck: Oot-11
Palenrd Aralnss - HiAHE LM ER L LR a2 18 00l D1 {in howse ehzek Dt 10 In house check: Oet-11

MHemie Funztion Slymanyiie
Saibrvead by CRavdo Leubder Labroashuny Teacticiicin
n
| =
| Approved by: <atja Pokovia Teohniaal Manager ’:é:’) -

legued: Muguet 23, 3011

Cartificate Mo: D245002-710 Augid

Pogut ol 8
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Callbration Laboratory of {\-'_‘5:{2;1'.’-'_';4} Bahweizeriacher Kallbdordliznat
schmid ¥ Parnar e Sondoe culces d'8alennnge
Engineering AG = e Serizio svIZZOre i taratura
Zaughausstranse 43, B004 Zurich, Bwiltoo land J::ﬂ:j;‘ Swiss Calisrabon Service
Pt
Aucaudiled by §12 Swisa Accroditation Service (5A5) Accreditmtion ho.: 3C5 108

Tha Swige Aceroditation Bervion io one of the signateries 1o the CA
Multilatoral Agreamant for the recognilion of valibralion sertificoics

Glossary:

3] tissue simulating liquirl

ConvF sunsitivity in TSL ! NORM x.y.2
MFA not applicable or not measurcd

Calibralion is Parformed According 1o the Following Standards:

a) IEEE Std 1528-2003, “IECT Necommendard Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rale (SAR) in lhe Human Head from Wireless
Communications Devicas: Moagurement Techniques”, Decomber 2003

b} IEG B2209-1, "Frocedure to measure the Specific Absamtion Rate (SAR) for hand-held
devices used in close proximity ta the ear (frequency range of 300 MHz lu 3 GH2)",
February 2008

c} Federal Communications Commission Office of Engineanng & |echnology (FCC OET),
“Fvaluating Compliance with FCC Guidelines for Human Exposure 1o Radiolraguancy
Eleclromagnetic Fields; Additional Information for Evaluating Gompliance of Maobile and
Pornable Devices with FGO Limits tor Human Lxposure to Hadiotraquency Cmissions”,
Supplement C (Editinn 01-01) to Bulletin 65

Additional Documentation:
d) UDASY4S Systom Handbook

Methods Applicd and Interpretation of Parameters:
s  Measurement Conditions: Furdher delails ae available from the Validation Resport at the end
uf the cerlificate, All figuras stated In the certificate arc valid at tha frequency indicaled.

= Antenna Parameters with T5L; The dipole is maunted with [ha spacer to position its teed
point exactly below the centar marking of the flal phantom section, with the arms oriented

paraliel to the body axis.

¢ Faad Point Impadance and Return Loss These paramelers are measured with the dipole
pusiliuned under the liguid filled phantom. Tho Impedance stated s transformed from the
measurement at the SMA conneclor to the teed paint The Baturm Loss ensures low
retlected power. Mo uncerainty required.

» [ectical Delay: One-way delay between the SMA commector and the antenna leed point,
Mo uncarlainly required.

= SAR measured: SAR measured at the stated antenna Input power,
o  SAA normalized: SAR as maasured, normalized to an input power of 1 W al the antenna

connoctor,
= S5AR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR result.
Ceaiticane Mo D'zdﬁi.r'dz-nu_.a.ugn Pago 2ot B
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Measurement Conditions
DASY syatem conliguration, as far as not

vz on page 1.

DASY Vorgion DALYS VE2G.2

Extrapolation Advanced Exbiapolation

Pl Modular Flat Phantom

Digtanca Lipolo Uentor - 150 10 mm with Soacor

Zoom Bcon Noaclution de.dy. dr -5 n?

Ftequenu;.*y 2450 MHr + | MHz
Head TSL parameters

The following parameters ard calculations wera applied
. Temperature Parmimtivity Conductlvity

Nominal Head TSL paramaters a2 a2 1.80 mihodm

Moasurod Hoad TSEL parametera 22,01 3.2) "G 304 2 6% 185 mhofm £ 6%

Head T5L tarmperature change during test 0570 e - i
SAR result with Head TSL

SAR averaged over | cm® (1 g) of Head TSI Coawfition

SAR rassirmd 250 mW input powear 138 mW [ g

SAR for nominal Hesd TSL paramotnme

narmalized to 1%y

54.2 MW fg + 17.0 % (k=2)

BAR averagod over 10 cm” :_m q) af Head THL

condillan

SAR measured

250 rW input power

Gd2mW /g

SAR - nominal Head TSL Farameers

normaized 1 1W

25.5 MW /9 16.5 % (=2}

Body TSL parameters
Ihe ‘aliewaing paramaters and ealzulotcns wors applied,
Temparature Parmittivity Conductivity
MNeminal Body TSL parameters 22.0'C 527 1.95 mbaym
| Measured Body TSL parameters (220020 ME=6% 202 mhofn = 6 %
Dody TSL temperature changs duiing el < NEC aea —
SAR result with Body TSL
SAR sveraged over | cm’ {1 g) of Body TSL Cencition
SAH moagured 350 mW input powor 122mW g )
SAR tor nominal Bedy TSL paramelss nomalized to 1W 51T mW /g £ 17.0 % (k=2)
SAR averaged ower 10 cn® (10 g) of Body TSL cardibon
SAR maasured dhU MW inpLt power E10mW /g
SAH for nominal Bedy TSL pommetanm nomalized to 1W 242 mW /g £16.5 % (k=2)
Cerlificato Mo: DZAECVD T40_Augid Mage 0ol B
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Appendix
Antenna Parameters with Head TSL

Irrpodance, transfonred o fead point SEL+1aj0
Return Loss -208dB

Anlenna Paramelers with Body TSL

Impedarnce, transtarmen tn feed print 4952 +25j0
Fetam Logs 1.8 3

General Antenna Parameters and Design

Flectrical Delay (vne direction) 1.156 ns _I

Adler londg Lerm wse with T00W radiatad power, only a shght warming of the dipole near the feedpoint can be measurad

The dipola ie maoe of standard soemingid coaxial cable. Thy coenlor corcuctas of the frecing line is direcily cnnnected 1o the
second anm of the dipole. The antenna ie thercforo ehart-circuitod for DG ciynals.

Mo excessive force must be applted to the d'pole arms, becauss they might bend or tha soldered connactons aoar the

T dpwinal wamy Do ahsmannaa s

Additlonal EUT Data

tarfnmured by SHEAG
Manutasurad on July 05. 2002
Cenificate Mo: D450V 10 _Aug11 Page 4 of B
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DASYS Valldation Report for Head TSL

Dite: 18082011

Pext Laboraory: SPEAG, Zurich, Switzerland

DUT: Dipode 2450 MHe: Type: D2450V2; Serial: D2450V2 - SN: 710

Uommunicahion System® W Tiegoew ¢ 2250 MH.

Medium parameters used: ' — 2430 MHz; o = 1.85 mho/m; o = 38.4; p = 1000 kg/im®
Phantom secucn: Flal Seclion

Memsurement Stmdard: DASYS (TEEEARC/ANST CH3,19 2007)

DASYS2 Conliguration:

Probe: ES3DYI - SN205: Convli4 45, 4 45, 4 45): Calibreated- 20 04 2011
sensor-hurlace: Smim (Mechanical Surface Deteetion)

Hleatranics: DAEA Snt01; Calibeated: 04.07.2011

Fhamiom: Flut Phonom 3.0 (fronek; Type: QROOMPS0AA; Serial: 1001

DASYS2 52.0.204832); SEMCAD X 14.4,5(3634)

Dipole Culibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan {7x7x7¥Cube 0:
Mezsnrement gr lx=5mon. dy=5mm, d¢=5mm

Reference Value = 101.9 Vim: Power Drift =008 dR

Peak SAR {extrapolated) = 2R 588 WWe

SAR(L g) = 13.5 mW/g: SAR(10 g) = 6,42 mW/g

Maximunt vidue of SAR imcasured) — 1IR3 mW/e

13152

bt

a2 |

db = 17 760mW/ e

Cenilicate Mo D45002-710_Aug1l Haga 5o B
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Impedance Measurament Plot for Head TSL
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Cerificote ho: D2450V2-T10 Augit Papgsa fiof A
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DASYS Validation Report for Body 15L

Date: 19.08.2011
lest Labaratory: SPEAG, Aurich, Swilrerland
THIE: Dipole 2450 MIle; Type: D2430V2; Serial: D2430V2 - SK: 710

Cominnnication Systein: CW; Froquency: 2450 M1z

Medivm parsmelers used: F= 2150 MHz, o= 202 mhofnn ¢ =515 p= 108K i‘.gFmJ
Phanton section: Flu Section

Mewsurement Standard: DASYS (IEEE/EC/ANSLORS [S-20017)

RASYSZ Conlgumiien;
« Probe: ES3DV] - SMN3Z205; ConvE(4.26, 4.26, 4.26):; Calibrated: 79.04 2011
«  Senser-Surface: Inim [ Mechamical Surface [oicetiom)
= Eleelrenies: DALY SnBt) s Calibeated: 04072011
= Phantorn: Flat Phantem 54 (kack s Tyvpe: QDINDPSDA A Serial: 1002

o DXASYSE 5E602(481); SEMOCAND X 144507367

Dipoale Calibration for Bedy Tissue/Pin=250 mW, d=10mm/Zoom Scan (Tx7x7 ) Cuhe 0
Measurement grid: dx=3mm, dy=3mu, de=Suun

Reflerence Value = 950702 Vim: Power DAl = <0008 diY

Peak SAK {extrapolated) = 26,990 Wik

SAR gh = 132 mW/pes SARCI0 g) = 6.l mWg

Maxinmnn valoe of SAR (nessored) = 17.251 mWio

“TEE

Arn

<334

OdB = 17.250mW/g

Cortifiznte Moo LSS A 10 Mg 11 Page 7 of B

Page 47 of 57




™
Annex E to Test report no.: 1-2977/11-100-03 CE”COM
R =

Impedance Measurement Plot for Body TSL

is o111 2011 10IEEE 4y
EED 216 1 U Fé 1t 4a,4E8 L4364 4 L6215 o 2 430,080 393 Ptz

oz 24 LOG T ARSREC -2 o8 L3818 Ul F 430,008 008 HHz

Hilg T 1 1 — 1

CTART 2 58,000 000 Hle STOF I 630,000 000 NRz

Curtificals Mu. 22450Y2-T10,_Auc i | rage £ af &
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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
Nama Function Signature ]

Approved by:

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
Schmid & Pariner

Englneering AG
Zoughausstrasse 43, 8004 Zurich, Switzeriand

Schwelzerlscher Kalibrierdianst
Service sulsse détalonnage
Servizio svizzero di taratura
Swiss Callbration Service

Accredited by the Swiss Acceaditation Sondce (SAS) Accraditation No.: SCS 108
The Swiss Accredilation Service s one of the signatories to the EA
Multilateral Agreament lor the recognition of calibration cartificates

cient  Cetecom Cortificate No: DAE3-477_May11
CALIBRATION CERTIFICATE

Objest DAEZ - SD 000 D03 AA - SN: 477

Calibrstion procedure(s) QA CAL-DB.v22
Calibration procedure for the data acquisition electronics (DAE)

Calibration dats May 4, 2011

This caltwation certificate documents the traceability to national standards, which realize the physical units of measurements (51},
Tha measuremants and fhe uncenanties with conlidence probability am given on the foliowing pages and are part of the certificate.

Al calibations have been conducted in the closed Wboratory lacility: emdronmént iemperatueng (22 + 3)°C and humidity < 70%.

Calibration Equipmant used (MATE critical lor calibraton)

Primary Standards D& Cal Date (Certificate Mo Scheduled Calbration _
Keithioy Multimater Type 2001 SM: DBT02TR 28-Sep-10 (Mo: 1037E) Sop-11
Secondary Standands Dw e Chack Dabo (mn housa) Schodulod Chack
Calibrator Box V1.1 SE UMS 006G AB 1004  07-Jun-10 {in house chack) In house check: Jun-11
Nama Function Signature
Calrated by: Dorminique Statten Techmclan

Approved by: Fin Bomholt RAD Directar l'lf%?&limi

Issued: May 4, 2011

This calitration cerificats shall nat be raproduced except in full without witien epprovel of the laboratory,

Conificate No: DAE3-477_May11 Page 10l 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

' s B
i %/ Schmid & Partner ':76:? Bl =
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 BB1 = QD 300 P30 PA - B Page 101}
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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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