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Appendix B
Uncertainty Analysis
Measurement uncertainty for 300 MHz to 3 GHz averaged over 1 gram
a b c d e=fldkl [g = k
cxgle
Section |Tol Prob .  |Div. Ci 1g Wi
Uncertainty Component in
P1528  |(%) Dist. (19) ui (%) |(veff)
|Frobe calibration E.21 6.0 M 1 1 5.00 w
Axial isciropy E.2.2 0.25 R 1.73 1 014 w
|hemispherical isclropy E.22 1.3 R 1.73 1 0.75 L]
|Bnun|:lar:.r effect E.2.3 0.4 R 1.73 1 0.23 w
ILinearity EZ.4 0.3 R 1,73 1 017 w
Systermn detection limlit E25 025 R 1.73 1 014 w
|Readout electronics E.2.6 0.3 M 1 1 0.20 w
|Respon5etime E.2.7 0.8 R 1.73 1 0.46 w
|Intayatlnn time E28 26 R 1.73 1 1.50 L]
|RF ambient Condition -Noise E&.1 2.0 R 1.73 1 1.73 w
|RF ambient Condition - reflections E.&.1 2.0 R 1.73 1 1.73 w
I‘Prd:ue poesitioning- mechanical E&2 15 R 173 1 087 =
clerance
Probe positioning- with respect fo
IPhﬂl'llﬁm EB3 2.5 R 1.73 1 1.67 w
hax SAR evalualion E.5.2 1.0 R 173 1 0.58
Test sample positioning E.4.2 5,84 M 1 1 S.84
Devdce holder uncertainty E41 36 M 1 1 360
COutput power vanation -SAR drift 662 50 R 173 1 > Eg -
Imeasurement
o "
hantom uncertainty E3.1 6.6 R 173 1 3.81 -
(shape and thickness tolerances)
JLiquid conducti
iquid conductivity E3.2 50 R 173 0.64 1.85 =
- deniation from target values
JLiquid conductivty
. E.3.2 0.70 N 1 0.64 0.45 5
- measurement uncertainty
e —
Liquid permitivty Ea3 5.0 R 173 0.8 173 -
- derdation from target values
|Liquid it
A gEIIIY E33 0.56 N 1 08 0.34 5
- measurement uncertainty
|Combined standard uncertainty RSS 11.22 123
Expanded uncerfaniy - 29 44
|195% CONFIDENCE INTERWAL)
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Appendix C
Calibration Certificate
- PROBE
- DAE

- 835 Miz, 1900 Mz, 2450 Miz DIPOLE
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- PROBE Calibration Certificate
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Schwaimrischer Kalibri
Schmid & Pariner Service suisse d'dalernage
Engineering AG — Sorvizio svizzero di taratua
Euusghauestrasss 43, 8004 Furich, Switveriand ﬁ} Swiss Calitiration Service
Agrradited oy the Swiss Avgrediaton Semice [SA3) Accreditation Ma.: SCS 108
The Swiss Acoredifation Sorvico s ome af e signatories io the E4
Multilstursl Ag for the gnition of ion certificates
Glossary:
TEL fiszwa simulating liquid
MWORMx v,z sensitivity in free space
ComfF sensiivity in TSL ! NORMLy.2
DCP diode compression poin
CF crest factor {1iduly_cychke) of the RF signal
ABCD mgdulation dependant linearizetion parametars
Polarization p p rofdation anound probe axis
Polarization & & redation around an axis thad is in the plane normal 1o probe axis (a3t measurement canter),

le., B =0 i3 normal o probe axis

Calibration is Performed According to the Following Standards:

g)

b}

IEEE Sid 1528-2003, "|IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Heed from Wireless Communications Devices: Measurermenl
Technigues®, Dacamber 2003

IEC B622008-1, “Procedurs 1o measure the Specfic Absorplion Rate (SAR] for hand-held devices used in close
procimily 1o the ear (frequency rangs of 300 MHz fo 3 GHz)", February 2008

Methods Applied and Interpretation of Parameters:

NORMx, .2 Assessed for E-field polarization & =0 (f < 900 MHz in TEM-call; f= 1800 MHz: R22 waveguide).
MORMux,y,z are only intermediate values, i.e., the uncertainties of MORM:,y.z does not affect the E*-field
uncertainty inside TSL (588 balow ComvF).

MNORMYx y.z = NORM, .z * frequancy_response [see Freguency Response Char). This linearization is
implemented in DASY4 software versions later than 4.2, The uncertainty of the frequency response is included
in the skated uncentainty of Cama

DiGPx y.z: DCP are numarical linearization parematers assassed besad on the date of power sweep with CW
signal {no wncertalnty required). DCF does not depend on frequancy nar media,

PAR: PAR is ihe Peak to Average Ralio that is not calibrated but determined based on the signal
characterstios

Auxy,z; Bryz oz Diyz VR 2 A, B, €, D are numerical Enearizalion paramelers assassed based on
the data of power sweep for specific modulation signal. The paramelens do nol depand on frequency nor
media. VIR s the maximum calibration range expressed in RMS voltage across the diode.

ConvF and Boundary Effect Perametsrs: Assessed in flet phantom using E-fiald (or Temperature Transfer
Standard for f = 800 MHz) and inside weaveguide using analytical fiald distributions based on powear
measuraments for = B00 MHz. The same satups ars used for asssssment of the parametere applied for
boundary compensetion (alpha, depth) of which typical uncertainty values are given. These paramelers ans
used in DASY4 software to improve probe sccuracy close 1o the boundary. The sensitvily in TSL coresponds
o NORME, ).z * ConvF wherely the uncertginty carrespands 1o thal given for ConvF. A frequency dependent
ConvF is used in DASY version 4.4 and higher whach allows exdending the validity from £ 50 Mz 1o £ 100
MHz

Sphanca! isotropy (30 dewation from (sobropy): In a field of low gradients reallzed using a flat phantom
exposed by @ patch antenna.

Sensor Qe The sensor offset cormesponds bo the offset of vifual measurement cenber from the probe tip
{on probe axis). Mo tolerance requined,

Cortificate Mo; EX3-0882_Feh13 Fage £af 11
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EXIDVY = SN2 Fabruary 4, 2013

Probe EX3DV4

SN:3862

Manufactured:  February 2, 2012
Calibrated: February 4, 2013

Calibrated for DASY/EASY Systems
{Mota: non-compatible with DASY 2 systam!)
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EX3ID0d~ SN-I0E2 Fabruary 4, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3862

Basic Calibration Parameters

Sensor X Sensar Y Sensor 2 une (=2}
Marrm (U Vim) T 0.42 043 0.37 £10.1 % |
DEP (i)™ 1023 48.0 101.2
Modulation Calibration Parameters
L[] Communication System Name A B C [ VR Unce
dB dBvYV d8 my {h=2}
a W X 0.0 0.0 1.0 000 [ mEs | 433%
¥ 0o 0.6 1.0 150.7
F 0.0 0.0 1.0 186.9

The reported uncertainly of measurament is stated as the standard uncertainty of measuremart
multiplied by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximataly 85%,

:'l'h-o uncartaniies of MomX,Y 2 do aof affect the E-fsd uncertanty inside TSL {ses Pages 5 and B).
;. Mumerical lingsrizalion parsmeter. urcarainty not requinsd.

mﬂritmﬁnﬁ uging The ma. desiation from Inear response applying rectangular deinbuion and & aspressesd for (he square of the:
wa

Cortificate Mo EX3-3062_Fab13 Page 4 of 11
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EX3DVa- SM-30E2 February 4, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3862

Calibration Parameter Determined in Head Tissue Simulating Media

Rialalive {:Mdunlhi'l;- Dhaprth Uinct.
| fiMHz)® | Parmittivity " {S4m) " ConwFX | ComvFY | ComvFZ | Alpha | (mm) {k=2}
B35 41.5 00 9.98 B.96 808 | o2 | 119 | s120%
800 41.5 0.97 G.EG .60 9.69 018 1.52 120% |
1750 40.1 137 8T B.71 871 024 | 142 | +120%
1800 40.0 1.40 8.38 B.36 836 0.37 0.80 $12.0%
2450 382 1.80 741 741 741 028 | 105 | £120%
5200 36.0 466 4.92 483 492 0.40 1.80 131 %
5500 358 4,76 487 467 £67 | 040 | 180 | s131%
G500 5.6 4,06 4. 459 449 a.49 0.50 1.80 *13.1 %
5600 5.5 5.07 4,25 £.25 4,25 0.50 1,80 £131 %
SEOD 353 527 4,09 408 | 409 0.50 1.80 +131 %

quuuhwﬁdh'ufi 100 MMz anky apphes for DASY 4.4 and kigher (see Page 2), slse & is resiricied o + 50 MHz. Tha uncartainty i tha ABES
of the GonvF unceriainty at calbration frequency and ine unoanainty for the indicated frequenoy band.

FA‘I"MMMH&-‘E GHz, he validily of Bszue parameters {e and o) can be refaced to & 10% if lquid compensation formla ks appled o
measured SAR walues. Al faquancies abose 3 GHE, T validly of Seeus paramalanm (& and o) @ meericled i £ 5%, The uncertainty is the RSS of
tha ConvF uncssininty Tor indicated lergel Baeus para melens,

Cartiicate Moo EX3-3852_Fab13 Pege % of 11
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EXSDWa- SN 3862 Fabrary 4, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3862

Calibration Parameter Determined in Body Tissue Simulating Media

Relative | Conductivity Depth | Unct

| tiMHz)® | Permittivity” | {Sim)" | ConvFX | ComvFY | CowFZ | Mlpha | [mm} (=2)
B35 55.2 0.97 8.76 8.76 are | 027 | 111 | 2120%
800 55.0 1.08 0.68 968 966 | 030 | 100 | £120%
1750 534 1.48 8.0a8 a0s 8.08 0.38 0.1 £120%
1800 533 1.62 7.72 772 | 772 | 030 | 08B | £12.0%
2450 52.7 1.85 7.25 725 7.25 0.80 .50 £12.0%
5200 49.0 530 4.26 428 426 | 050 | 180 | £131%
5300 8.9 S42 418 4.18 4.18 0.50 1.60 131 %
5500 486 565 380 | 389 380 | nso | 180 | £131%
5600 485 597 3.73 a73 373 | 050 | 180 | +131%
BBOD | 482 6.00 4.04 4,04 404 | 050 | 100 | £131%

© Fraquancy validity of 4 100 MHz anly anplies for DASY w4 and bigher [see Page 2), slss it ks resiriced 1o+ 50 MEz. The uncerdainty & ha RES
of the Gom uncertamty ot calbration frequency and e unoertainty for the indicaled frequancy band

FM‘“WWH&-S GHz, 1he waldily of issue parameters (z and o} can be relaced o & 90% i iguid compensafion fomula is apolled Bo
measued SAR vakes. At raquancias above 3 GHE, U welicily of ligsue pammetecs (e ond o) is resticied o & 5% The uncedainty is the RS2 of
th ConvF uncsrisinty for incieated ianged isus parameles.

Cariilicate Mo EX3-3862_Fabi3 Paga 6 of 11
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EXIDWA- SN-3852 Feliruary 4, 2013

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3862

Other Probe Parameters
Sansor Arrangemeant Triangular
Connector Angle (*) 713
Mechanical Surface Detection Mode anabled
Opbical Surface Detection Maodea disabked
Probe Cverall Length 337 mm
Probe Body Diametar 10 mm
Tie Length g mm
Tip Diemater 26 mm
Probe Tip io Sansor X Calibration Point 1 mm
Probe Tip to Sensor Y Calibration Point 1 e
Probe Tip to Sensor Z Calibration Paint 1 mm
Recommended Measurement Distance from Surfaca Zmm |

Certificate Mo: EX3-3562_Feb13 Page 11 of 11
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Calibration Laboratory of ey, ischer Kalitr
Schmid & Partner % Survice suisss od'éalonnags
Engineering AG T B Sarviels sviEsare di larulura
z-mn?mm-n E‘!. 004 Zurich, Switzerland ‘Sﬁ'ﬁf S swies Callbration Sarvice
MLl
Acoredied by the Swise Aoereditabion Service (SAS) Ancreditation Mo SCS 108

Thes Bwiss Accraditalion Barvice is ome of e signalcsias Lo tha EA
Multilateral Agreement for the recognition of calibration contfficates

Glossary:

TEL tiseua slmulabing ligusd

MORMzY. 2 senailivity In free space

CarmF sensilivity in TSLJ/ NORME,y,2

DCP dinde cormpression point

CF crast factor {1iduby_cyela) of the: RF signal

ABC madulation gependent linearization paramaters

Polarization ¢ ip rodalion around probe axis

Palarizalion & 5 rolalion arcund an axis thal is in the plane nomal 1o probe asis (31 measuremeant cenlar),

le, & = i3 normal to probe axis

Calibration is Performed According to the Following Standards:

a) |EEE Sid 1528-2003, “"IEEE Recommended Praciics for Determining the Peak Spatial-Avaraged Spocific
Absorption Rate (SAR) in the Human Head from Wirsless Communications Devices: Measurament
Tachniques™, Decambar 200

by IEC 62208-1, “Procedurs to measure the Specific Absorption Rate (SAR) for hand-held devices used in closa
proximily to the ear (frequency renge of 300 MHz to 3 GHz)", February 2005

Methods Applied and Interpretation of Parameters:

»  MNORMz, .2 Assessed for E-field polarization & = 0 {f < BOD MHz in TEM-cell; f > 1800 MHz: R2Z waveguide).
MORM:,y,2 @re only intermedigle values, ie., the unceainies of NORMs, v,z does ol affect the E2feld
uncertainty irside TEL (see below ComF).

»  WORMTI .z = NORME .z * frequancy_response (sea Fregquency Responsa Chart). This linearization is
Implemented in DASY4 software versions lster than 4.2, The uncerainty of the frequancy response & included
in the atated uncerainty of Comd™.

& OGPy .z DCP are numerical Bnearizafion parametens assessed based on the data of power sweep with CW
signal (no uneerainty mequired), DCP doas not depend on frequency nor media,

= PAR: PAR = the Peak to Average Ratio that is not calibrated but detarminad based on the signal
characteriatice

#  Axyr Bupz Cxyr VR yz A B Care numerical linearization parameters assessed based on the data of
power swinp for specific modulation signal, The parameders do nof depend on frequency nor media. VR is the
mezimumn calibration range exprassed in RMS voltagae across tha diode

+«  ConvF and Boundary Effect Perameters: Assessed in flat phantom using E-feld {or Termperatune Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distribulions based on power
reasurements or § > D0 MHE The same selups are used lor assessment of e pararmelerns applied for
boundary compensalion (alpha, depth) of which typical tncerainly values are ghiven, Thise paramaters ane
used in DASY4 softwara to mprove probe accuracy clese fo the boundary. The sensilivity in TSL comasponds
to NORMY, .z * ComeF wherely the uncerainty corresponds fo that given for Comd. & frequency dependent
CovvF 13 usad in DASY version 4.4 and higher which aliows extending tha validity from £ 50 MHz to + 100
MHZ

+ Sphancal isoiropy (30 dewation from sofopyl: in a field of low gradients realized wsing a flat phaniom
exposed by a patch antenna.

o Songor Qfel The sensor alfsel cormesponds 1o the offsel of vidual measurement cénbes from e probe tip
{on probe axis). Mo tolerance reguired.

Certificate Mo ET3-1782_Apri2 Papa 2 of 11

SGS Korea Co., Lid. #18-34, Sanbon—dong, Gunpo—si, Gyeonggi—do , 453—040 KOREA t+82 314285700 f+82 31 427 2370 www .kr.sgs.com/ee

Member of SGS Group(Société Genérale de Sunvellance)



Report File No. :  F690501/RF-SAR002051-A2

Date of Issue : 2013-02-22
Page : 118 /155
ET30VE - SN:ATaE Agril 27, 2012

Probe ET3DV6

SN:1782

Manufactured:  April 15, 2003
Calibrated: April 27, 2012

Calibrated for DASY/EASY Systems

{Mote: non-compalible wilh DASY 2 syslem!)
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ET30WE= SM:1782 Apdil 27, 2012

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1782

Basic Calibration Parameters

Sensor X Sensor Y Sensor £ Une [k=2}
[ Norm (uvifvim]y* 2.01 1.66 1.88 £10.1 %
QTP {mh] 86,2 96,7 8967
Modulation Calibration Parameters
uin Communication System Name PAR A 8 C VR unes |
dE dB dB my (=2}
a CW 000 | x 0.00 1,00 1.00 1548 | 219%
¥ .00 Q.00 1.00 1854
z .00 0.00 1.00 151.1

The reported uncertainty of measurement is stated as the standard unceartainty of measurement
multipliad by the covear factor k=2, which for a8 normal distribution corresponds to a covarage
probability of approximately 95%.

* Thee uncerlainies of Norm, ¥ 2 do nol atlect the E*-Seld wrcartainty insida TEL (6% Pages 5 and 6}
® Mumerical knoarization paramotor: unoariainty rod redusnad.

! Unceriainty is deierminad using tha mas. deviation from Bnaar reapades. applang rcianguis distiudon and i mpressed for the squane of the
Tiedd wadun,

Cartficale Mo: ET3-1782_Apr2
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ETADVE- SN; 1782 Apll BT, 2012

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1782

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Conductivity Depth Unct.
F[MHz)® | Permittivity " {Shm) " ConvF X | ComvFY | ComvFZ | Alpha | (mm) | (=2}
450 43.5 0.87 7AT TAT 7AT 0.23 235 £154 %
835 41,56 0.80 &40 .40 840 0.32 .00 + 120 %
1750 40.1 197 | 530 | 539 | s39 | om0 | 186 | +120%
1800 40.0 1.40 512 512 512 0.50 1.88 120 %
2450 0.2 1.80 4.48 446 £.458 .80 1.87 2920 % |

F Prequency validity of 2 100 MHz only applies for DASY w44 and higher {sss Fage 2], else i is resricied 1o & 50 Mz, The uncerainty s S RE5
of the Com uncerainly at calitration freguency and the uncerainty for e indcated freguency band.

" A benduercies Balkve 3 GHE, P valisily of e parsmatinm (s and ) can be mlad b+ 10% ¥ loud corpensation femula is sppled 1o
maasred 5AR values. Al frequancios above 3 GHz2, the validity of lEsea | bars (x and o) B resinched b & 5%, The unossanly & 1ha RES of
iha Com uncatainty for indicalod targel lssue paramabans.

Carlificala Ma: ET3-17BZ_Apri2 Page 5of 11
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DASY/EASY - Parameters of Probe: ET3DV6 - SN:1782

Calibration Parameter Detarmined in Body Tissue Simulating Media

f (MHz) ° Pi:llm:ﬁy' -:-unumgm ComFX | ConvF¥ | ComFZ | Alpha m I{Il:"-gi
450 56.7 084 1.87 T i.57 0.16 2208 +134 %
835 55.2 0.87 6.22 B.22 6.22 0.24 200 +12.0 %
ATED 63.4 1.48 4.7 4,78 4.7 0.76 24 +12.0 %
180 3.3 1.52 4540 4.58 450 0.75 218 +12.0%
P45 B2.7 1.05 411 411 411 0.76 225 | +120%

= Frequancy validly of £ 100 MHz only appies for DASY w4 and higher {see Page 2], elss il s reeircisd 1o £ 50 Mz, The uncerainty is the R55
dlhuhnﬁmﬁ\ﬁnlﬂlhmﬁﬁmmﬂIhmﬁnﬁfmhhﬂuﬂudfmqmm

¥ A tragquenciis balow 3 GHz, tha yakdly of S55U8 HAGMAIATS [x A0 o) CAN b8 KR 10 ¢ 10% I lguid Comy fion imuks s applad b
measured EAR values. Al frequencies above 3 GHz, mnlummlmmummummgm mumuq-hm REE of
1he ConvF uncertainty for indicated famel tissue parameters.

Cerilicate Mo: ET3-1782_Apri 2 Page Gal 11
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ETADVE- SM:17E2 April 27, 2042

DASY/EASY - Parameters of Probe: ET3DV6 - SN:1782

Other Probe Parameaters

Sensor Arrangement Trangular
Connector Angle () T aa
Mechanical Surface Deleclion Mode enabled
Optical Surface Delaction Modes s abibed
Frobe Owerall Length 337 mm
Probe Body Diametar 10 mm
Tip Length 10 mm
Tip Diarneter .8 mm
Probe Tip to Sensor X Calibration Faint 2.7 mm
Probe Tip to Sensor ¥ Calibration Paint 2.7 mm
Probe Tip to Sensoer £ Calibration Pont 2.7 mm
Recommended Measurement Dslance rom Surfaces 4 mm
Cartificata Moc ET3-1782_Apri2 Paga 11 of 11
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- DAEA4 Calibration Certificate

F R OO T D SRRERE RO L O AT NWT L P LA T P N LS ﬂ:u*nrul wo ||nm|y|.wu1ﬂlm L AR RR DR SR
Al calibrations. hawe been conducted in the closed labaratary facility: environmen temperatune (22 + 37C and humidsy < T0%.

Caliaration Equipmant used [METE critical for calibeation)

Frimary Slandards D# il Dabe (Cerfificate ba.) Sohmduisd Calibraton
Fmtiey Mulimeter Type 2001 SN @102 TR T8-5np=11 [MNo:11450) Sap-12

Eacandary Standards o# Chiach Diale (in hausa) Schwduled Chack
Calibrator Box V2.1 SE UWE 053 AR 1001 D-dan-12 {in house check) In house check: Jan-13
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Calibration Laboratory of
Schmid & Partner

Enginearing AG
Zeughausstrasse 43, 8004 Zurich, Switzerland

Schweizerischer Kalibrierdienst
Service suisse d'slalonnage
Servizio svizzero o taratura
Swiss Calibration Service

Acorediled by the Swiss Accredilation Service [SAS) Accreditation Mo.: 3CS 108
The Swizs Accreditstion Service is ans of the signatodes to the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary

DAE data acquisiticn electronics

Connector angle  information used in DASY system to align probe sensor X to the robot
coordinate system.

Methods Applied and Interpretation of Parameters
« DC Volfage Measurement: Calibration Factor assessed for use in DASY system by
comparigon with a calibrated instrument traceable to national standards. The figure given
corresponds fo the full scale range of the voltmeter in the respective range.

+ Connecfor angle: The angle of the connector is assessed measuring the angle
mechanically by a tool inserted. Uncertainty is not required.

= The following parameters as documented in the Appendix contain technical information as a
result from the performance test and require no uncertainty.

« DC Voltage Measurement Linearity: Verification of the Linearity at +10% and -10% of
the nominal calibration voltage. Influence of offset voltage is included in this
measurament.

«  Commaon mode sensitivity: Influence of a positive or negative common mode voltage on
the differential measuremeant,

s« Channel separation: Influence of a voltage on the neighbor channels not subject to an
input voltage.

«  AD Converer Values with inputs shorfed: Values on the internal AD converter
corresponding to zero input voltage

s« Input Offsel Measurarmant; Output voltage and statistical results over & large number of
zaro vollage measuremants,

s Input Offsef Current: Typical value for information; Maximum channel input offset
current, not considering the input resistance,

«  [npul restsfance: Typical value for information: DAE input resistance at the connector,
during internal auto-zeroing and during measurament,

« Low Battery Alarm Voltage: Typical value for information, Below this voltage, a battery
alarm signal is generated.

«  Power consumption: Typical value for information. Supply currents in varicus cperating
miadas.

Cerificate Ma: DAE4-1340_Juli2 Page 2of 6
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DC Veltage Measurement
AD - Corverter ResoluBion nominsl
High Ramgea: 1LSB = B.1pV, full range = -100..+300 my
Liver Feaamges: 1LSB= Giny , full range = -1......+3mV
DASY mussuremen| pararmeders: Aulo Zero Time: 3 sec; Measuring time: 3 aac
Calibration Factors X Y z
High Range 404 816 + 0.1% (k=2) | 404267 +£0.1% (k=2) | 404.287 £ 0.1% (k=2)
Low Range 398096 + 0.7% (k=2) | 3886711 0.7% (k=2) | 308083 +0.7% (k=2)
Connector Angle
| Connector Angle to be usad in DASY systam 256%+1*®
Cenilicate No: DAE4-1340_Jull2 Fage 3ol 5
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Appendix
1. DC Voltage Linearity

High Range Resding (p\) Difference {uV) Error %)
Channel X + Input 1908600 TT -5.51 <0.00
Chanme| X + Imput 2000025 Q.37 0.00
Chanrnal X = Input =10957.06 335 oz
Channel ¥ # |mput 18889121 -4.81 000
Chaninel ¥ + Input 19997 26 -2.76 001
Chanmel ¥ - Ingput -20001.32 -0.88 0,00
Chanrel £ + Input 19888017 -5.81 00
Channal Z + Imput 13998.03 -0.92 000
Channel Z = Ingut 2000223 -1.65 001
Low Range Reading (uV] Difference (uV) Error (%)
Channal X + Input 2001.07 018 0.1
Channel X + Imput 20134 o.m 001
Chaninel X - It -188.70 -0.08 0.0
Channel ¥ + Input 200062 -0.31 0,02
Channal ¥ + Imput 20089 -0.38 .18
Channel ¥ = Input -186.48 0.2 =010
Channel Z + |mput 2000.53 -0.29 0.0
Channel Z + Imput 20008 -1.16 <0.68
Channe| Z - Input -200.30 -1.58 0.8

2. Common mode sensitivity

DASY measurement pararmelecs: Aulo Zero Tirme: 3 sec, Measuhing lirme: 3 sec
Comman mode High Range Low Range
Imput Yoltage [mi) Average Reading (pV) Ayerage Reading (pv)
Chanmel X 200 .64 -B,70
- 200 9.80 .18
Channal 200 -1.45 =1.57
- 200 0.42 043
Chanmal £ 200 2.74 2.22
- 200 -4.71 -4.88
3. Channel separation
DASY rmeasurement pasarmelers: Aule Zero Time: 3 $ec; Measuring ime: 3 sac
Input Valtage (mV] | Channel X (pV) | Channel Y (uV) Channel Z {uV)
Channal X 200 - 07 =3.54
Chanmel 200 5.87 - -0.07
Chanmel 200 954 4.08
Cerificabe Mo DAE4-1340_Jul12 Page 4 ol 5
SGS Korea Co., Lid. #18-34, Sanbon—dong, Gunpo—si, Gyeonggi—do , 453—040 KOREA t+82 314285700 f+82 31 427 2370 www .kr.sgs.com/ee

Member of SGS Group(Société Genérale de Sunvellance)



4. AD-Converter Values with inputs shorted

Report File No. :
Date of Issue :

Page :

F690501/RF-SAR002051-A2
2013-02-22
131/155

DASY maasurement paramelers: fulo Zero Time: 3 sec; Meaguring tims: 3 eac
High Range (LSB) Low Range (LSB)
Channel X 16036 14887
Chanmel ¥ 15654 14821
Channal Z 16767 154485
5. Input Offset Measurement
DASY measurement parameters: Auto Zero Time: 3 sec; Measuring lime: 3 sec
Input 10K
Average (V) | min. Offset (V) | max. Offset(bv) | [:I::;"‘“”
Channel X -1.38 -2.24 014 0.356
Channel ¥ -1.50 238 0.08 043
Channel Z 383 =485 =285 0.42
6. Input Offset Current
Marringl Inpul cincuitey offset curent on all channels: <25(4
7. Input Resistance [Typical values for informalion)
Zeruing (kOtim) Measuring (MOm])
Channel X 200 200
Channel ¥ 200 200
Channel Z 200 200
8. Low Battery Alarm Voltage (Typical values for farmation)
Typical values Alarm Level (WDC)
Supply (* Voe) +7.9
Supply (- Voo -T.6
9. Power Consumption (Typical values for infarmation)
Typical values Switched off (mA) | Stand by (ma) Transmitting {ma)
Supply (*+ Vec) +0.01 +& +14
Supgly (- Vo) 0.0 -4 Ll
Cartificate Mo: DAES-1340_Jul12 Page 6ol &
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Balihq.'atiun Laboratory of &i% Schwalzarischar Kalibrisrdianst
Schm!d & Partner Sarvics suiEse déalannage
Enginearing AG Sarvizio avizzers di taraturs
Zeughausstrasse 43, 8004 Zurich, Switrerland ’%ﬁhﬁ Swiss Calibration Service
Accredited by the Swiss Accraditation Senice (SAS) Accredtation Ha,: SCS 108

This Swiss Accraditation Service is one of the signatories to the EA
Muiltilaberal Agresmment lor the recognition of calibration certidicates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y.z
MFA not applicable or not measurad

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2003, "IEEE Recommeanded Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues”, December 2003

b) IEC 62208-1, "Procedure to measure the Specific Absorption Rate (SAR) for hand-hald
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

c) Federal Communicatiens Commission Office of Engineering & Technolegy (FCC QET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional Information for Evaluating Compliance of Mobile and
Parable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement G (Edition 01-01) to Bulletin 65

Additional Decumentation:
d} DASY4/5 System Handbook

Methods Applied and Interpretation of Parameaters:

= Measuramen! Conditions: Further details are available from the Validation Repont at the end
of the cerificate. All figures stated in the certificate are valid at the frequency indicated,

= Anfenna Parameters with TSL: The dipole is mounted with the spacer o position its feed
praint sxactly below the center marking of the flat phantom section, with the arms oriented
parallel 1o the body axis,

* Feed Foint Impedance and Retum Loss: These parameters are measured with the dipole
positioned under the liquid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Retum Loss ensures low
reflected power, No uncertainty requirad.

o Electrical Delay: One-way delay between the SMA connector and the antenna feed point,
Mo uncerainty required.

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

»  SAR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
CONMBCIoE,

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

The reported uncerainty of measurement is stated as the standard uncertainty of measurament
multiphed by the coverage factor k=2, which for a normal distribution corresponds to a coverage
probability of approximately 95%.

Carificate Na: DEISVI-400_May12 Page 2 of 8
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Measurement Conditions
DASY sysham configuration, as far &s nof given an page 1.

DASY Version DASYS WEEH.1

Extrapolation Agvanced Exirapolation

Phantam Modular Flat Phartom

Distance Dipole Center - TSL 15 mm with Spater

Zoom Scan Resolution dx, dy, dz =5 mm

Frequeancy B35 MHEZ + 1 MHE2
Head TSL parameters

Tha fellowing parameters and calculations were applied.
Temperature Permitthvity Conductivity

Mominal Head TSL parameters 22.0°C 416 0.890 rba'm

Messsured Head TSL plmmt_v.u_ (2202 0.2)°C 406 = 6 % (.89 mho/m = 6 %

Head TSL temperature change during test =05°'C -
SAR result with Head TSL

BAR averaged over 1 om” (1 gj of Head TSL Condition

5AR messured 250 mW input power 234 mW fg

SAR for nominal Head TSL paramealers mcernalized o 1W 939 mW /g = 17.0 % [k=2)

SAR averaged over 10 cm” {10 g) of Head TSL condition

SAR measured 250 mW input power 1.53mW g

SAR for nominal Head TSL parameters normalized o 1w 6,14 mW /g = 16.5 % (k=2)
Body TSL parameaters

The following parametars and calculations were applied.
Temperature Parmittivity Condusctivity

Mominal Body TSL paramelars 22.0°%C 66.2 0.87 miho'm

Measured Body TSL parameters {22.0+0.2)°C 543+ 6 % 100 mho/m 2 6 %

Body TSL temperature change during test < 0.5 %C ——

SAR result with Body TSL

SAR averaged aver 1em’ (1 g) of Body TSL Condition

SAR measured 250 mW inpul power 240 mW g

SAR for nominal Body TSL parametars normakzed to TW 935 mW £ g = 17.0 % (k=2
SAR averaged over 10 em” (10 g) of Body TSL canstion

SAR measured 250 mW input power 1.58mW /g

SRR for nominal Body TSL pararmelans rcarrlized to TW BA9mW Mg 2165 % (k=2)

Cesflicale No: DE3EV2-400_May12 Papge 3 of B
SGS Korea Co., Lid. #18-34, Sanbon—dong, Gunpo—si, Gyeonggi—do , 453—040 KOREA t+82 314285700 f+82 31 427 2370 www .kr.sgs.com/ee

Member of SGS Group(Société Genérale de Sunvellance)



Report File No. :  F690501/RF-SAR002051-A2

Date of Issue : 2013-02-22
Page : 135/155
Appendix
Antenna Parameters with Head TSL
Impesdance, ransformed o lead point 43E0-650
Ratum Loss - 252 dB
Antenna Parameters with Body TSL
Impadance, trarsformed to feed point 4590-73i0
Hetum Loss -21.2dB
General Antenna Parameters and Design
| Elsctrical Delay {one direction) | 1,381 ns |

After long tarm usa with 100W radiated powear, only a slight waming of the dipole near the feadpoint can be messured.

The dipole is made of standard semirigid coaxial cable. The center conducter of the feeding line |s directly connected o the
secand arm of the dgole. The antenna |s therefore shor-circuited for DC-signale. On some of the dipoles, small end caps
are added 1o the dipole amis in ofder 1o imgrove malehing when loaded according b the posiion as explained in the
"Weasurement Conditions" paragragh. The SAR data ane not alected by this change, The overall dipole kength is still
actording to the Standard.

Mo excessive force must be applied fo the dipole arms, because they might band or the solderad connaclions near the
feedpoind may be darmagad

Additional EUT Data

Manufactured by SPEAG
fanufactured on May 18, 2003
Cartificate Mo: DA2SV2-400_May12 Paga 4 of &
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DASYS Validation Report for Body TSL

Drate: 16.05.2012
Test Laboratory: SPEAG, Zurich, Switzerdand
DUT: Dipole 835 MHz; Type: DB35V2; Serial: DE3FVI - SN: 490

Communication Systerm: CW; Frequency: 835 MHz

Medium parameters used: £ = 835 MHz; o = 1 mho/m; g, = 54.3; p = 1000 kg.l'm]
Phantom section: Flat Section

Measurement Standard: DASY S ([EEETEC/ANST Ca3.19-2007)
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T
Ca Hhr_‘atlnn Lﬂbﬂ"m&’ of iﬁ"@;}h Schwalzerisoher Kalibrierdienst
Schmid & Partner = Servioe suksse d'étalonnage
EI'IQiF‘IEEfiI'IQ Al Ty Servizlo svizzers dl taratara
Zeighauasiranss 43, B Zurich, Swilzerland = Swi li
8 i a ﬁ*m,? 55 Callbeaticn Service
Agradited by the Swiss Assreditation Senvice (SAS5] Accreditation No.: SCS 108

The Swiss Accreditation Service is ane of the signatarias & the EA
Muitilaberal Agresment for the recognition of calibration cartilicates

Glossary:

TSL tissue simulating liguid

ConvF sansitivity in TSL / NORM x,v,z
MA not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2003, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Technigues®, Decembear 2003

b) IEC 622091, "Procedure to measure the Specific Absorption Rate (SAR) far hand-held
devices used in close proximity to the ear (frequency range of 300 MHz to 3 GHz)",
February 2005

) Federal Communications Commission Office of Engineerng & Technology (FCC OET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Badiofrequency
Electromagnetic Fields, Additional Infarmation for Evaluating Compliance of Mobile and
Fortable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions®,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
d] DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

*  Anfenna Parameters with TSL: The dipale is mounted with the spacer o position its feed
point exactly below the center marking of the flat phantom section, with the arms arented
parallel to the body axis.

= Faad Point Impedance and Refurn Loss: These parametars are measured with the dipole
positioned under the liquid filled phantom, The impedance stated is transformed from the
measurement at the SMA connactor to the feed point. The Return Loss ensures low
reflected power. No uncertainty requirad,

»  Elactrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required,

*  SAR measured: SAR measured at the staled antenna input power.

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

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

The reporled uncertainty of measuremant is stated as the standard uncertainty of measuremeant
multiplied by the coverage factor k=2, which for a normal distribution comesponds to a coverage

probability of approximataly 95%.
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Measurement Conditions
DAEY system configuration, &s far as not givan on page 1.
DASY Version DASYS VE2E A
Extrapolation Advanced Extrapolation
Phantom Modular Flat Fhantom
Distance Dipole Cenfer - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =& mm
Frequency 1500 MHz = 1 MHz
Head TSL parameters
The following paramaters and calculations wens applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20 £0.0 1.40 mham
Mensurad Head TSL parametars 220=202]°C 405+ &% 1.37 mha'm = 6 %
Head TSL temperature change during test =050 -
SAR result with Head TSL
SAR mveraged over 1 cm® (1 g) of Head TSL Canditian
S4A measured 250 mW nput power SGEGmM fg
SAR Tor normingl Head TSL parametars normalized to 1W 39.4 mW fg £ 17.0 % (k=)
E!.H‘wwnwndm‘lﬁcma {10 g) of Head TSL condition
SAR measured 250 MW input power 513mW g
SAR for naminal Hesd TSL pasarmatens normaiized b 1W 20.7 mW /g + 16.5 % (k=2)
Body TSL parameters
The follcwing paramatars and calzulations weare apglied.
Temperature Prrmittivity Conductivity
Nominal Body TSL paramelers 220G 53.3 1.62 mhaim
Measured Body TSL parameters 22.0=02)"C 2O +8 % 1,582 mho/m = 6 %
Body TSL temperature change during test =055 —
SAR result with Body TSL
SAR averaged over 1 cm” {1 g} of Body TSL Canditian
S5AR measured 250 mW input power 1000 MW g
SAR for nominal Body TEL perameters nommalized ko W 399 mW /g =170 % (k=2)
SAR averaged aver 10 om® (10 g) of Body TSL condition
SAR measured 250 mW NPl power 531 mW g
SAR for nominal Body TSL parameters normalized to 1W 21.2mW [ g = 16.5 % (k=2)
Carificale Moo D1800V2-64033_May12 Page 3of B
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Appendix
Antenna Parameters with Head TSL
Impedance, tangslarmed 1o feed point E1AG+32)0
Return Loss - 28.6 dB
Antenna Parameters with Body TSL
Irmpacani o, transformed to fead paint 475 0+ 3.6 [0
Ratum Loas - 27.0dB
General Antenna Parameters and Design
Elacirical Dalay (one direction) 1.196 ne

Aftar leng tarm use with 1004 radiated power, only a slight warming of the dipole near the feedpoing can be measuraed

The dipcés |= made of standand semingid coaxial cable, The center conductor of the faeding line & direclly connected to the
second arm of the dipole. The antenna is therefore shon-circuited for DC-algnals. On some of the dipalas, small snd caps
are added to the dipole amms in order to improve maiching when loeded according fo ihe position as explained in the
‘Measurement Condilions® paragraph. The SAR data are not affected by this change. The ewerall dipols length is stil
according 1o the Standard,

Mo exeesgive foroe must be applied to the dipole arms, because they might bend o the solderad connections near the
Teadpoint may be damaged.

Additional EUT Data

Manufecturad by SPEAG
Manufactuned on March 17, 2003
Certificate No: D1 900V2-58033_May12 Page 4 of B
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DASYS Validation Report for Head TSL

Date: 23.05.2012
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: DI%00V2; Serial: D1900V2 - SN: 54033

Communication System: CW;, Freguency: 1900 MHz

Medium parameters used: [ = 1900 MHz; o = 1.37 mho/m; £ = 40.5; p = 1000 kg/m®
Phantom section: Flat Section

Measurement Standard: DASY S (IEEE/EC/ANST C63,19-2007)
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DASYS Validation Report for Body TSL
Diate: 23.03.2012

Test Laboratory: SPFEAG, Zunich, Switzerland
DUT: Dipole 1900 MHz; Type: D100V 2; Serial: D1900V2 - SN: 54033

Communication System: CW; Frequency: 1900 MHz

Medium parameters used; f = 1900 MHz; o = 1.52 mho/m; & = 52.9; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEETEC/ANST Co3.19-2007)
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- 2450 Mk Dipole Calibration Certificate
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Calibration Laboratory of Sehwaizarischar Kallbrisedionat
Schmid & Partner Sarvice sulase d'stalannags
Engineering AG Sevvizi evizzero di taratura

Zeughasiasirasss 43, 5004 Zurich, Switzarland Ewizs Calibration Service

Accredived by the Swiss Accreditalion Sendce (SAS] hceraditsiion Mo.: SCS 108
The Swiss Accreditation Servics I8 ans of the sigrsalorias to the EA
Multilateral Agresment for the recognition of calibration certificates

Glossary:

TSL tissue simulating liguid

ConvF sansitivity in TSL /f NORM x,y.2
Ry not applicable or not measured

Calibration is Performed According to the Following Standards:

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

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

c) Federal Communications Commission Office of Enginsering & Technology (FCC QET),
“Evaluating Compliance with FOC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fialds, Additional Information for Evaluating Compliance of Maobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Documentation:
d} DASYAS5 System Handbook

Methods Applied and Interpratation of Parameters:

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

o Antenna Parameters with T5L: The dipole is mounted with the spacer to position its fead
paint exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

e Feed Point Impedance and Retum Loss: These parameters are measurad with the dipole
positioned under the liguid filled phantom. The impedance stated is transformed from the
measurement at the SMA connector to the feed point. The Retum Loss ensuras low
reflected power. No uncerainty required.

« Electrical Delay: One-way delay betweean the SMA connector and the antenna feed paint,
Mo uncerainty required.

SAR measured: SAR measured at the stated antenna input power.
SAR nommalized: SAR as measured, normalized to an input power of 1 W at the antenna
connechor.

+« SAR for nominal TSL parameters: The measured TSL parameters are usad to calculate the
nominal SAR result,

The reported uncertainty of measurement is stated as the standard uncertainty of measurament
multiplied by the coverage factor k=2, which for a normal distribution comresponds to a coverage

probability of approximately 95%.
Cartificata Mo: D245002-734_May12 Page 2 of 8
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Measurement Conditions
DASY systenm configuralion, as far &5 nel given on page 1.
DASY Vaersion DASYS VEZ B
Extrapalation Advenced Extrapolation
Phantam Modular Flat Phartom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Fraguency 2450 MHz £ 1 MHz
Head TSL parameters
Thig followng parametars and calculations ware applied.
Temperature Permittihvity Condustivity
Morminal Head TSL parameters 22.0°C 3902 1.80 mba'm
Measured Head TSL paramaters (220 =0.2)"C 403 6% 1.85 mho'm £ B %
Head TSL lemperature change during test < 05°C e e
SAR result with Head TSL
SAR averaged over 1 cm” (1 g) of Head TSL Congition
SAR measured 250 mW Input power 133 mW g
SAR for nominal Head TEL pararmetars norTmalized 1o 1W 528 mW g = 17.0 %% (k=2)
SAR averagad ovar 10 em® (10 g) of Head TSL condition
SAR measured 250 mW input power BASmW /g
SAR for nominal Head TSL paramelors normmalized o 1W 247 mW /g = 16.5 % (k=2)
Body TSL parameters
The following paremetars and calculations wera applied.
Temperature Parmittivity Candustivity
HNominal Body TSL paramelers 22.0°C 2.7 1.95 mha'm
Meassurad Body TSL parameters 220£02)"C 523+6% 199 mho'm £ 6 %
Body TSL temperature change during lest « (.5 °C
SAR result with Body TSL
SAR averagad over 1 cm® (1 g) of Bady TSL Condition
S4R measured 250 mW input powar 127 mW /g
SAR for nominal Body TSL peremetarns nionmalized b 1W 502 W ' g =170 % (k=2)
SR averaged over 10 am® (10 g) of Bady TSL condition
S48 messured 250 mW input poser BIsmW g
SAR for nominal Body TSL parametars nommalized o 1W 236 mW ! g = 16.5 % (k=2)
Cerificata Mo; D2450V2-T34_May12 Page 3 of 8
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Appendix
Antenna Parameters with Head TSL
Impadance, iransfomsed 1o lead paint 5330+ 368K
Retumn Loss - 264 dB
Antenna Parameters with Bedy TSL
Impadancs, transformed to feed point 4880+ 51j0
Retum Loss - 25.8 d8
General Antenna Parameters and Design
| Electrical Delay jone direction) | 1.153 ns

After kong tesmn use with 1008 radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The: dipole is made of standard semingid coaxal cable. The center conducter of the feeding line is directly connected o the
secand arm of the d@pole. The anenna is therelore shor-cirguiled lor DC-signals. On some of the dipoles, small end caps
are added to the dipale arms in erder to improve matahing whan leaded according o 1he posilion 85 axplaingd in he
“Measuremant Conditions® paragraph, The SAR data ane not affected by this change. The averall dipale length is sl
according to the Standard.

Mo excessive force must be applied to the dipola amms, because thay might bend or the soldered connactions near the

fesdpaint may be damagad.

Additional EUT Data

Manutactuned by SPEAG
Manufacturad on May OF, 2003
Caftificate Mo D2450%2-734_May12 Paga 4af &
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-THE END-
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