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Annex D to Test report no.: 1-6824/13-01-02-A

2 Calibration report “Probe ES3DV3”

Calibration L'aboratﬂry Of .st"'.“:..l:m"" EBehwelzerischer Halibricrdienst
Schmid & Partner 3\\“._—'.{/,%

SBervice suisse d'étalonnage
Sarvizlo svizzeco di taratura
Ewlaa Calibration Service

Engineering AG
Zaughausstrasse 43, 8004 Zurich, Switzerland

ah
"l

FTN

ol

Accroditad by tha Swige Accroditation Sordoe (EAS) Accredilalion Nu.; SCS 108
The Swiss Accreditation Servica is one of the signatories to the EA
Multitateral Agreament for the recognition of calibration certificatos

clent  Cotocom Certificate No: ES3-3326_Sep13
CALIBRATION CERTIFICATE |
Object ES3DV3 - SN:3326

Calibration proterureis) ‘OA CAL-01.v9, QA CAL-23.v5, QA CAL 25.v6

Calibialivr) procedure for dosimetric E-Tleld probes

Calibration date: Septcmbﬁr 2, 2‘013

This calibsation certificate documents the traceatslity o nalivnal standads, which reakze the prysical unis of measuremanis {Si).
Ihe measuremenis and the unceainties with confidance probability are given on the following pages and are part of the conificate.

All calibratians have been concucted m the cinsed laboratony faclity: envisonment temperature (22 £ 3)°C and Huaridity < T0%.

Calbration Equipment used {MATL sritical for callbratian)

Primary Standards n Cal Date {ban.ﬂn—am No.) smmul:;d Calibration
PMoweer meter C44130 QB4 29387 Od-Agr-13 (No. 217-01733) | Apr14a
Power sensor E44124 Y4 14068087 04-Apr-13 (No. 217-01733) | Apr-14
Rufarancs 3 dB Attanuator SM: S6064 (3o} 04-Ape-13 (No. 217-01707) Apr-14
Reference 20 08 Attanuator S SO (20 D4-Apr-13 (No. 217-01735) Apr-14
Raferance 30 48 Attenuator SN 861249 (30b) | MApedd (Ma 217.01738) Aprd i
Roference Mrobe CE30VR Gh: 3013 28~ 12 (Nu. ES3:3013 Duuiz) Deg-13.
LaLs SN: BB 3-Jan-13 (No. DAE4-660_Jan13) Jan-14 |
Secondany Standaids 1D = Check Dale (in house) Scheguie Chock
RF generator HP B&48C LUIS3542U04700 A-Aug-99 (in house check Apr-13) In howse check: Apr-15
| Mabwerk Annhasr HP 8753E US37300685 18-Oet-01 (in house check Oct-12) In housa chack: Ocl-13
Name Funciion Signature 1
Calibeated by I aff Klysnar Labarataey Teshrician %%V_ i
Approved by Katjs Pokovic Tachnical Manager - "? = ¢ ‘
Insumed. Seplenbe:s 3, 2013

| Trug calipration certificate shall not be reproduced owcept in full withaut written approval of the laboratory.

Certificate No: ES3-3326_5ep13 Page 1 of 11
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Annex D to Test report no.: 1-6824/13-01-02-A CETECOMTM

. . ey,
Cahb{'atf'o" Laboratory of _{.\‘?\LEJ._/:‘:’/:,- Schweizerischor Kalibriardkenst
Sehmid & Partner m Sorvice suisse d'dtatornoge
Engingering AG 2 £ Sorvizla svizzero di taraturs
Zeugh?usstrasso lig:i E0d Zurich, Switzerland "’-:;:_/';":\H\:‘* Swiss Colibration Somvice
N ' e wiss Call H i
Aceradiled by the Susss Actrediation Serice (SAS] Accreditation No.: SCS 148

The Swiss Accraditation Senviee is ona oftha signalorles to fhe EA
Wultilataral Agreement {or the recognitian of callbe=tion cadificates

Glossary:

TSL figsue simulating liguid

NORM, v,z sensilivily in free space

ConwF sensilivity in TSL f NORMx, .2

DCP diode compeession point

CF erest factor (Vduly_eycls) of the RF signal

ABCD modulation dependent finearizaticn parameters

Palarization w rotation arpund probe axis

Polatization & & rotation argund an axis that i in the plane normal to probe 2xis {at measurement canter),

i.e, 8 =0 iz normal to probe axis

Calibration is Perfarmed According 1o the Following Standards:

a) IEEE 3td 1528-2003, “IEEE Recommended Fraclice for Deterrmining the Paak Spatial-Averaged Specific
Abzorption Rate {SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques”, December 2003

b} IEC §2208-1, “Procedure to measurs (he Specific Absorption Rate {SAR) for hand-held devices used in close
prowimity to the ear {frequency range of 300 MMz to 3 GHz)™, February 2005

Methods Applied and Interpretation of Parameters:

»  MNORMyy.z Assessed for E-fisld polarization $ = 0 {f < 900 MHz in TEM-cel; f > 1800 MHz: R22 wavequide).
MORMx v,z are only intermediate values, i.e., lhe uncerlainlies of NORM:, v,z does not affect the E-field
uncerainty ingide TEL (see below ComvF).

«  MNORMOxy.z = NOGRMx .2 * frequency_respanse (see Frequency Response Chart). This lineanzatian is
implemented in DASY4 sofiware versions |ater than 4.2. The uncartzinty of the frequency response is included
in thie stated uneerainty of Conve,

»  DCPxy.z DCP are numerical linsarization paramelars assessed based on the data of power sween with Gy
gignal {no uncertainty required). DCP does nol depend on frequency nor media.

*  PAR:FAR is the Peak Lo Average Ratia that is not calibrated but determined based on the signal
characteristics

s Axy.z Bayz GwZ Dxy.z; VRwy,z A B, C, D are numerical lingatizalion parameters assessed based on
the data of power sweep for specific madulation signal. The parameters do not depend on frequency nor
media. ¥R is the maximum calibration range expressad in RMS voltage across the diode,

= CenvF and Boundary Effect Parameters: Assessed in flat phantom using E-field {of Temperature Transfer
Standard for f 2 800 MHz) and inside waveguide using analytical field distributions hased on power
meagurements for f > 300 MHz, The same selups are usad for assessment of the parameters applied for
boundary compensation (aipha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe acturacy close to the boundary. The sensilivity in TEL eorres ponds
10 NORMx y,z * ConvF whereby the uncestainty corresponds to that given for ComvE, A [requency dependant
Comeis uged in DASY version 4.4 and higher which afllows extending The validity from = 50 MHz 1o £ 100
MHz.

*  Sphencal iselopy (30 deviation from isofropy) in 2 field of low gradients realized using a flat phantom
exposed by a palch antenna.

+  Sensor Offsel: The sensor offset comesponds to the offset of vidual measurement center fram the probe tip
[on probe axis). Mo tolerance required.

Certilicala Mo: ES3-3326_Sep13 Fage 2 of 11
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Annex D to Test report no.: 1-6824/13-01-02-A CETECOMTM

ES3DvA - SMNA326 Saptembwar 2, 2043

Probe ES3DV3

SN:3326

Manufactured:  January 10, 2012
Calibrated: Sepiember 2, 2013

Calibrated for DASY/EASY Systems

{Mate: non-compatible wilh DASY2 systemt)

Certificate Mo: ES3-3326_Sep13 Page 3ol 11
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Annex D to Test report no.: 1-6824/13-01-02-A

CETECOM"
———

ES530W3- SN:3326 Septernber 2, 2013

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3326

Basic Calibration Parameters

Sensor X Sensar Y | Sensor Z [ Une'fr=2) |
! Warm {favitdimyy ] 1.18 083 : 092 [ =101%
| DCP mvT® | g99.9 105.6 | 95.2 | ﬁ
Modulation Calibration Parameters
(o I Cammunication System Mame A B z o VR [H
| . JB Ny dB my (k=2}
o CW ¥ oo .0 10 | 000 | 148z | x=5% |
Y 2.0 9.4 1.8 1325
| 2 0.0 0a ] 1o 741

The reported uncertainty of measurement is stated as the standard uncertainty of measurement
multiplied by the coverage facior k=2, which for a nermal distribution corresponds to a coverage
probability of approximately 95%.

:The uncedtainties of Mo ¥, 7 do nol affecd 1he E7-felc upeetainly insde TSL (see Pages 5 and G},
- Numerical linearizairan parsrmater: uncerminty not requited,
* Unceslainty i determined using the max devigtion Teom inear response applying sectangular distibution and s expressed for the sauara of the

field walue.

Cedficate Na; ES3-3326_Rep13 Page 4 of 11
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Annex D to Test report no.: 1-6824/13-01-02-A CETECOM

ES30WE— 503326 Seplamber 2, 2013

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3326

Calibration Parameter Determined in Head Tissue Simulating Media

Relative Canductivity 1 Depth Unct. |

A {MHZ " | Permittivity " {sm) GorvF X | ConwF ¥ | GenvEZ . Alpha {mm} {l=2) |

750 41.9 0.85 B.48 B.46 544 033 177 L x320% |

! 835 41.5 090 ! 625 4.25 625 2.32 1.77 *12.0 % |
ann 41.5 087 6.08 608 | go0B 0.37 1.68 +120%
1750 H).1 1.37 5.40 540 5.40 0.56 1.38 120 %
18900 40.0 1.40 505 5.5 5.05 0.58 135 112.0%
24510 3.2 1.50 4.47 447 4.47 0.75 1.35 +12.0%

© Fraquency validity of 100 MHz enly apolies kor DASY wé.4 2nd highes {see Fage 2). clseit is resirictad to = 50 M. The uncerainty is the 255
al the ConvF uncerainty u calibranen fiequesssy ard the uncemauly for the indicated Fequency hand.

" AL figquensies below 3 GHz, the valdity of bssus paramaters (¢ and o) can be relaxed 1o+ 10% it Yiquid compenzahan lormwlg v applied to
measured SAR valuas. At fiequancos above 5 GHz, the validity of issue parainetars & and o)  testncled 1o + 5%. The uncenainty is the ASS of
the CarnvF uncertainty for redisaled target lissue carameters.

Certificale Nor ES3-3326_2en13 Page 5 of 11
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Annex D to Test report no.: 1-6824/13-01-02-A CETECOM

ES30W2- SN:3326 September 2, 2013

DASY/EASY - Parameters of Prohe: ES3DV3 - SN:3326

Caiibration Parameter Determined in Body Tissue Simulating Media

i Relative Conductivity ‘ | Depth | " Unct. !

| FiMHz)" | Permibtivigy " {&/m) ° ConvFX | ConvFY | ConvFZ | Alpha i ¢mm) tk=2)
750 55.5 0.95 6.12 B.12 §.12 0.80 1,19 +12.0%
B35 852 0.87 6.04 6.04 £.04 0.59 1.28 *12.0 %
00 55.0 1.05 5.85 5.06 5.95 0.64 1.34 £12.0 %
1750 53.4 144 4.85 4.85 4.85 .60 1.41 +12.0%
1900 53.3 1.62 4.85 4.65 4.65 0.46 1.75 £12.0 %
2450 52.7 1.95 4.18 416 418 | ng7 119 1 *12.0%

© Freauency valxdily of = 100 Mz anly appiies for DASY v4.4 and higher (see Page 2), else itis resiticled |o 50 MHz. The uncsrainty is the BS3
of the ConwF unceraiety al calibyalion frequency 2nd thas uncertainty for fha ndicated fraquency band.

" A frequencies elow 3 GHz. the valid |y of Is2us paranelers [k and o} can be relaxed o+ 10% i liguid compensation fermula is applied to
meazured SAR wlas. Al trequencigs above 3 GHz, the valdity of tissue pasameters (v and o) iz restrictes o & 55, The ursetainly is the RSS of
the CanvF racesamty for indicated target bssue paramelers

Cefificate Mo: E53-3326_5sp13 Page B of 11
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Annex D to Test report no.: 1-6824/13-01-02-A mfgo_M

ES3nW3- SM:3328 Semember 2, 2013

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

15 |_ -
|l|'_'__.... ...........5?... i 1
o j I
o - : |
M 1 ] }
e | ; i 5
2 11— NS bipissirir i
vu.n ! i :
E X - I-.—‘_ | !
% g | []_._u — - -+ T - '
T 094 + R TR
ﬁ. -
= - H
g {).8—._ *
o e
E o t !
ol ) L
as_i__ I_._|_|_._I | {8 S i { 1 | 1 i L I
0 S00 1000 1800 2000 2300 3000
. f[MHz] -
L] *
TEM HEEI
Uncerlainty of Frequency Response of E-field: £ 6.3% (k=2)
Cerniflicate No: ES3-3326_Sep13 Page 7 of 11

Page 9 of 37




Annex D to Test report no.: 1-6824/13-01-02-A mfgo_M

ES3DV3- SM:3326 September 2, 2013

Receiving Pattern (¢), $ =0°

=600 MHz, TEM =1800 MHz,R22
i 3 {- we us s ._‘” ™ oR, 04 o "lu w P
L] 1 L] . | a : ] o
Tat b4 ¥ E To x T £
[ - ¥

.'_:_:—I_l.. ; (- i1 [ [ T BT L ;
i
150 106 a0 i 50 !J;u 150
. Roll [T
& [ ' O
107 MHz: 8O0 MHa 18 Hz 3551?!:;! Iz

Uncertainty of Axial lsotropy Assessment: + 0.5% (k=2)

Cenifcale No: ES3-3320_Sepis Page 8 aof 11
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Annex D to Test report no.: 1-6824/13-01-02-A

CETECOM"
———

ESIDVI- SM3525

Dynamic Range f(SAR}caq)

{TEM call , f = 900 MHz)

Irput Signal [Ly]

10 ol 10
SAR [rmWhem?d)
| -
hot campernsated compensaked

Septambar 2, 2013

o
=
z
T}
10 iCz 10 e 101 102
SAR [mviema)
o LY
=0l compensated compensated
Uncertainty of Linearity Assessmant: + 0.6% {k=2}
Cedificale No: ES3-3326_5ap13 Page 9 of 11

Page 11 of 37




™
Annex D to Test report no.: 1-6824/13-01-02-A ‘E’EQM

FR3NV3- SN:3326 Septemnber 2, 2013

Conversion Factor Assessment

I~ 800 MHz, WGLS R8 (H_comf) = 1750 MHz, WGLS R22 (H_convF)
‘a. | W}'
i [
LK i 1
w f
i 26 L L} = ::.1:
il 2
A =0
3 5
4 'J:_ e
10
as- % ¥ % ~
u o :.;_l_'_l__l _—__L;; ;
o L] = 36 @ w0 - -] & = o L & E -] 40
i 2 ey %] il zfmm] &
B rErsaey arakiical memsed
Deviation from Isotropy in Liquid
Error (4, 8), f= 900 MHz
-.0 -08 -06 -04 02 00 02 04 06 08 10
Uncertainty of Spharieal lsotropy Asecssment: + 2.6% (k=2)
Certificale Np; ES3-3326_5epis Page 10 of 11
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Annex D to Test report no.: 1-6824/13-01-02-A

CETECOM"
———

E530VE- EM:3325

Saptember 2, 2013

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3326

Other Probe Parameters

| Sensor Arrangement Triangular |
| Connector Angle [*) -E0.&
Mechanical Surface Detection Mods ! enabled
Dptical Surface Deteclion Mode I disabled |
Probe Cveral Length A37 mm
"Brobe Boady Diameter K 10 mm
TipLength ~ - 10 mm
Tip Diameter 4 mrm
Probe Tip ta Sensor X Calibration Point 2 mm
Frobe Tip to Sensor Y Calibration Point 2 mm
Prabe Tip w Sensor 2 Calibration Point 2 mm ,
LI?BCDmmEnded Measurement Distance (ram Surface 2 mm I

Cerificate Ne: £23-2326_3ap13 Fage 11 of 11
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Annex D to Test report no.: 1-6824/13-01-02-A CE,E M

3 Calibration report “835 MHz System validation dipole”

Calibration Laboratory of
Schmid & Partner

Engineering AG
Foughausetracss 43, 8004 Zurich, Switzerland

Schwelzerccher Kalibrierdienat
Service suisse d'etalonnage
Servizio svizzero di taratira
Swiss Calibration Service

Accredited by the Swiss Accreditation Service (SAS) Aecreditation No: SCS 108
The Swise Accreditotion Garvice ia ane of the signatories to the EA
Muitiiateral Agreement for the recognition of calibration certificates

Client Cetecom Certificate No: DB35V2-4d153 Juni3
CALIBRATION CERTIFICATE
—
Object DR35V2 - SN dd153
Calbation procedune(s] QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Calibraon date: June 06, 2013

This calibration ceriticata documents the tracrahiity fo natinnal standands, which realize the physical units of maasuraments (S0,
The measurements and the uncertainties with confiver e prulsability ame given on U lollewing pages and are pan of e camhcane.,

All calibrations have boon conducted in the clused laburatory facdlity; ervirgnment lemperature (22 + 31°C and humidily < (0%,

Calibration Equipment uasd {MATE edlical for caliration)

Primary Standards lipe Cal Data (Certificate No.j Sulmduled Calitmatlun —_I}
Power meter EPM-4428 GBE374B80704 01-Mav-12 (No. 217-01640) Dct-13

Priwar cananr HP B4R1 A USar2027ea 01-Mov-12 (Na. 24 7-016840) Ot 13

Aofemence 20 B Allens-ion SM: 5058 (20k) C4-Apr-133 (No, 21701 7384) Agpr-14

Type-M mismalch combination SN: 5047.3 / 06327 04-Apr-13 (No. 217-01733) Apr-14
| Rotarance Probe ES30V3 EM: 3205 20-Dec-12 (No. C53-3200 Deci2) Dec-13

DaEs LA 25-Apr-13 (No. DAE4-601_hpr13) Apr-14

Socondary Standards Ds Check Date {n house) Scheduled Check
Powear sensor HP B481A MY41082317 18-0ct-02 (in housa check Oct-11) In hevme cherk: Oet-13
RF genomtor N&S SMT-06 100005 O=Aug-98 [in lwyse chieck Cul-11) I howse check: Ool-13
Metwork Analyzer HP B753E US37380585 54206 18-0ct-01 {in housa check Oo-12) In house check: Oct-13

Namn Function Signatura

Crafibn alesd Ly, Lell Klysnier Laboratory Technician W/w
L
Appraved by: Katja Pokovic Tachnical Manager ; ,::E-_?ér;

lzeund: Juna &, 2013

| Nis calbraton conmcats shall not be reproduced except in full without written approval of the labaralony.

Certificate No: D835V2-4d153_Juni3 Page 1 of &
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Annex D to Test report no.: 1-6824/13-01-02-A CETECOMTM

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zeughausstrazse 43, 8004 Zurich, Swiltzertand

Sthweizerischer Kal|bricrdiens]
Sarvice auisse d'étalonnage
Servizie syizzero di taralura
Swiss Calibration Servies

Acctedited hy the Swiss Accrediation Servce {SAS) Accreditation Ng.: SCS 108
The Swigs Aceredltation Serviee is one of the signateries to Ihe EA
Mukttlgteral Agreament for the recagnition of calibration certificates

Glossary:

T5L tissue sirnulating liguid

ConvF sensitivity in TSL/ NOBRM x,v,z
MNAA rot applicatle or not measurad

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 Techniques”, December 2003

b) {EC 62209-1, "Procedure to measure the Specific Absarption Rate {SAR) for hand-held
devices used in clase proximity to the sar (frequency range of 300 MHZz to 3 GHz2)*,
Eebruary 2005

¢] Federal Gommunications Commission Office of Engineering & Technology (FCC QET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radiofrequency
Electromagnetic Fields; Additional infermation for Evaluating Compliance of Mobile and
Partable Devices with FCC Limits for Human Exposure to Radicfrequency Emissions”,
Supplement C {Edition 01-01) to Bulletin 65

Additional Documentation:
d) DASY4/5 System Handbook

Methods Applied and Interpretation of Parameters:

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

= Antenna Parameters with TSL: The dipole fs maunted with the spacer fo position its feed
point exactly below the center marking of the flat phantom section, with the arms orented
parallel to the body axis.

s  Feed Point impedance and Return Loss.! These parameters are measured with the dipole
pasitioned under the liquid filled phantom. The impedance stated is transfored from the
measuremant at the SMA connector 1o the feed point. The Beturn Lass ensures low
reflected power. Mo uncerainty required.

= Eleclrical Delay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

»  5AR measured: SAR measured at the stated antenna input power.

»  S5AR normalized: SAR as measured, normalized to an input power of 1 W at the antenna
cannector,

= SAH 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 measurement
multiplied by the coverage factor k=2, which for a norrmal distribution corresponds to a coverage
probability of approximately 95%.

Cerificale Na; D835V2-4d153, Juni3 Page 2013
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Annex D to Test report no.: 1-6824/13-01-02-A

CETECOM"
———

Measurement Conditions
OASY systam configuration. as far as nat g

iven un page 1.

DASY Versicn OASYS ¥h2.8.6
Extrapclation Advanced Exlrapolalion

Fhantom Wodular Flat Phantom

Distance Cipole Canter - TSL 15 rorn with Spacer

Zoom Scan Resalution

tx. dy. dz =5 mm

Frequency

835 MH2z £ 1 MHz

Head TSL parameters

The following parameters and ealoulalions were applied.

Temperature Fermittivity Conductivity
Nominal Head TSL parameters 22.0C 415 0.90 mha/m
Measured Head TSL parameters {(220+0.2)°C a04d + 6% 0.54 mho/m = 6 %
Head TSL temperature change during test =05°C
SAR result with Head TSL
SAH averaged over 1 cm” {1 g) of Head TSI, Candilion
5AF measured 250 mW input power 208 Wikg

SAR ter nominai Head TSL parameters

nommatized 10 1%

9.58 Wikg £ 17.0 % (k=2)

SAR averaged over 10 em® (10 o) of Head TSL

conditian

SAR measured

230 mW inpul power

1.60 Wikg

AR for nominal Head TSL paramelers

normalized to 1w

6,21 Wiky = 16.5 % (k=2)

Body TSL parameters

The following parameters and galculalicns were appled.
Temperaturs Permittivity Conductivity
Mominal Body TSL parameters 2203 552 0.97 mhoa/m
Measured Bady T5L parameters [220=02°C 5456 % 1.00 mho/m + 6 %
Body TEL temperature change during test <05
SAR result with Bady TSL

SAR averaged over T o’ [1 g) of Body TSL Condition
SAR measured 250 my¥ input power 2.4% Wikg

SAR far nominal Body TSL parameters

noernalized W 1w

9.90 W/kg + 17.0 % (k=2)

SAR averaged over 10 cm” {10 g) of Body TSL

conditian

SAR measured

250 MW inpul powet

1.56 Wikg

SAR for nominal Bedy TSL parametors

narmalized o 1W

6.12 Wrkg £ 16.5 %% (k=2)

Centificate No: DEIEVE-4d183_Jumi3

Fage 3ol &
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Annex D to Test report no.: 1-6824/13-01-02-A CETECOM

Appendix

Antenna Parameters with Head TSL
Impedzance, ransformed 1o fead point B200-270
Raturn Lozs - 2%.E dB

Antenna Parameters with Body TSL

I Impedance, transformed to fead point ATH L - 4340

‘ Return Loss -25.8 dB

General Antenna Parameters and Design

Electrical Delay fona direction) 1,432 ng

Adter long term use with 100W radiated power, only 2 slight warming of the dipole near the feedpoint can be measured.

The dipele is made of slandard semirigid ¢omxial cable. The center conductor of the feeding line is direclly connected to the
second arm of the dipole. The antenna is therefore short-circuited for DC-sigrals. On some of the diprles, small and caps
are added 1o lhe dipole amns in order to improve malching when toaded according i the posifion as explained in the
"Measurement Conditions” paragraph, The SAR data are not aflected by this changa. The averall dipole langth is skl
aceording to the Standard.

Mo excessive force must be applied 10 the dipofe arms, because they might bend or the soldered connections near the
teadpgint may be damaged.

Additional EUT Data

Marufaciured by SPEAG
Manufaciured on December 28, 2012
Cettificate Mo: DB3SWZ2-4d153 Jun13 Page 4 of &
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Annex D to Test report no.: 1-6824/13-01-02-A

DASYS5 Validation Report for Head TSL

Date: 06.06.2013
Test Laboratory: SPEAG, Zurich, Switscrland
DUIT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - §N: 4d153

Communication System: UID 00 - CW ; Frequency: 835 Mllz

Medium parameters used: ['=835 MHz; o= 0.94 S/m; &, = 40.4; p = 1000 kgfrn"
Phantom section: Flat Section

Measurcment Standard: DASYS (TEEEARC/ANSI €63.19-2007)

DASYS2 Configuration:
= Probe: E53DV3 - SN3205; ConvF(6.03, 6.03, 6.05); Calibrated: 28.12.2012;
« Sensor Surface: 3mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601; Calibrated: 25.04.2013
»  Phantom: Flat Phantom 4.91.; Type: QDOOOP49AA: Serial: 1001
o  DASYS252.8.6(1115) SEMCAD X 14.6.97117)

Dipole Calibration for Ilcad Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=Smm, dy=5mm, dz=5mm

Reference Value = 57.262 Vim; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 3.78 Wikg

SAR(] g) = 2.49 Wikg: SAR(I0 g) = 1.6 W/ky

Mauximum value of SAR (measured) = 2,92 Wike

1m

Certificate No: D835V2-4d153_Jun13 Page 5 of &
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Annex D to Test report no.: 1-6824/13-01-02-A CETEQOM

Impedance Measurement Plot for Head TSL
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Certificate No: DB35V2-4d153_Jun13 Page Gof 8
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DASYS Validation Report for Body TSL

Date: 05.06.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz: Type: D835V2: Serial: DR35V2 - SN: 4d153

Communication System: UID 0 - CW : Frequency: 835 MHy»

Medium parameters used: f = 835 MHz; o = | S/m; & = 34.5; p = 1000 ko/m’
Phantom scetion: Flat Section

Measurement Standard: DASYS (IEEE/MEC/ANSI CA3.19-2007)

DASYS2 Conliguration;
«  Probe: ES3DV3 - SN3205; ConvF(6.04, 6.04, 6.04); Calibrated: 28,12.2012:
= Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAF4 Sn601: Calibrated: 25.04.2013
+  Phantom: Flat Phantom 4.9L; Type: QDODOP49A A Serial: 1001

* DASY5252.8.6(1115); SEMCAD X 1469(7117)

Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=Smm, dy=3mm, dz=5mm

Referenve Value = 54.892 V/m; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 3.59 Wikg

SAR(T g) = 2.41 W/kg: SAR(10 g) = 1.56 W/kg

Maximum value of SAR (measured) = 2.81 W/kg

‘Lau

400

Az00

0dB =231 W/kg =449 dBW/kg

Certificate No: D835V2-4d153 Jun13 Papge 7 of 8
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Annex D to Test report no.: 1-6824/13-01-02-A CETEQOM

Impedance Measurement Plot for Body TSL
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4  Calibration report “1900 MHz System validation dipole”

Calibration Laboratory of & i\‘-ij‘:"' Schwelzerlscher Kallbrierdienst
Schmid & Partner s = ";, Service sulese d'étalonnage
Fngineering AG T Servizio svizzoro di tarstura
Zeughausatrosae 43, 0004 Zurich, Switzerland 4{/:“\:‘\‘ & Swiss Calibration Service
g o
Acrredited by tha Sudse Accreditation Sondce (SAS) Accreditation No.: SC5 108

The Swiss Accredilalivn Service Is one of the signatories to the EA
Multilateral Agreement for the recoanition of calibration cedificstes

Cliant Catacom Certificate No: D1900V2-5d009_May13
CALIBRATION CERTIFICATE |

Olsject D1900V2 - SN: 54000

Calibralion proceduro{s) QA CAL-05.v2
Galibration procedure for dipole validation kits above 700 MHz

Calibration date May 15, 2013

This calibration certificate documents the tracoability 1o national standards, which realizs the physical units of measuremants (31},
Thi masasuremenis and the uncamainties with contidence probabiily are given on the following pages and are part of the cerlificate.

All calibrations hava been condugied in the closed labaratory lacility: environment temperature (22 = 3)*C and humidity < 70%.

Calibwedion Eyuiprment used (M&TE critical for cairation)

Prrirvvary Stardards | ID# Gal Date (Certihicate No.) Seheduled Calibration
Power metar EPM-4424 GB3T480704 01-Mov-12 (Na. 217-01640) Detl-13
Powar congor HP 84818, USareerTo 01-Now-12 (No. 217-01640) Ou-13
Heterencao 20 g Altenualor SM: 5058 (20k) 04-Apr-13 (No. 217-01736) Apr-14
Typee-N mismateh combination SN: 5047.3 / 06327 O4.Apr-13 (Mo, 217-01738) Apr14
Reference Pobe ES30V3 S5N: 3208 26-Dac-12 (No. ES3-3208_Lec1Z) Lhac-13
DAE4 SN: 601 25-Apr-13 (Na. DAE4-601_Apr13) Apr-14
Secondary Siandards [ws Check Data (in housa} Scheduled Chack _ |
Power sensar HE 84814 MY21002317 18-Oct-02 (in houss check Oct-11) In houso chock: Oct-13
RAF gerwalor A&S SMT-006 100005 Ua-Aug-HY (N NOUSO check Ucl-11) In house check: Oct-13
MNetwork Analyzer HP 8753E US37380585 54206  18-0ct-01 (in hoase chack Cict-12) [n heiga checke Oek13
Mama Function Gignature

Calirated by: Jeton Kastrati Laboratery Technician _I }/ ' u

e ‘_‘_H-F T ¥ |
Approved by Katja Pokovic Tachnical Managar ,’éﬂ;;,é;’/'_.

Y o .

Issued. May 15, 2013
This calibration cedificale shall pol be reproduced except in full without written approval of the laboratory.

Certificate Mo: D1900V2-5d009 May13 Pago1of 8
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Annex D to Test report no.: 1-6824/13-01-02-A CETECOMTM

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zenghgugsirasse £3, BO0M 2urlch, Swilzerlznd

Sehweizerischer Kalibrierdiens!
Service svisse d'ératonnage
Servizig gvizzera i taratura
Swiss Caltbration Servige

Azeradited by e Swiss Acoredilation Serdce [SAS) Acereditation No: S05S 108
The Swiss Accreditation Service ia ane of the signataries to the EA
fultilateral Agreement for The recognition ol calibration cortifleates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x.y,z
N/A not applicable or not measured

Calibration is Performed According to the Follewing Standards:

a} [EEE 5td 1528-2003, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, December 2003

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

¢} Federal Communications Comrrission Office of Engineering & Technology (FCC QET),
“Evaluating Compliance with FCC Guidelines for Human Exposure to Radicfrequency
Elactromagnetic Fields, Additional information for Evaluating Compliance of Mobile and
Portable Devices with FCC Limits for Human Exposure to Radiofrequency Emissions”,
Supplement C (Edition 01-01) to Bulletin 65

Additional Bocumentation:
dj DASY4/S Syslem Handbook

Methods Applied and Interpretation of Parameters:

«  Measuremer! Conditions. Further details are available from the Validation Beport at the end
of the certificate. All figures stated in the certificate are valid at the frequerncy indicated.

s  Amtenna Paramelers with TS5E: The dipole is mounted with the spacer to position its feed
point exactly below the ¢enter marking of the tlat phantom section, with the arms oriented
parallel to the body axis.

+ Feed Point impedance and Return Loss: These parameters are measurad with the dipols
pesitioned under the liquid filled phantom. The impedance stated is transtarmed from the
measurement at the SMA connector to the feed point. The Raturn Loss ensures low
reflected power, NO uncerainiy required.

» Flectical Defay: One-way delay between the SMA connector and the antenna feed point.
Mo uncertainty required.

»  SAA measured: SAR measured at the stated antanna input power,

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

« 5AR for nominal TSL parameters: The measured TSL parameters ars usad o calculate the
nominal SAR result.

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

Cenlificate No: D1800V2-5d009_May13 Page 2ol B
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Annex D to Test report no.: 1-6824/13-01-02-A

CETECOM"
———

Mezsurement Conditions

QASY systern gonfiguratian. a5 iae as not given on page 1.

DASY Yersion DASYS W52.8.6
Extrapolation Advanced Exlrapolation
Phantem Madular Flal Fhantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Sean Resolutian dx, dy. dz =5 mm
Fregquency 1300 MHz = 1 MHz
Head TSL parameters
The {ellowing parameters and caleulations were applied,
Temperature Permittivity Conductivity
Mominal Head TSL parameters 200 40.0 1.40 mhaim
Measured Head TSL parameters (22 0+ 0.2) %0 333:6% 135 mho/m = 6%
Head TSL temperature change during lest «05°C
SAR result with Head TSL
SAR averaged over 1 om” {1 g) of Haad TSL Condilion
SAR measured 250 m\W input power 9.85 Wikg
SAR lor nominal Head TSL parametars ngrmalized o 1W 40.1 Whg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g of Head TSL comdition
SAR measured 250 MW inpulk power 5.18 Wikg
SAHR for nominal Head TSL parameters nomalized to 1W 21.0 Wikg = 16.5 % (k=2)

Body TSL parameters

The fallowing parameters and calculations were applied.

Temperature Permittivily Conductivity
Nominai Body TSL paramelers 220°C 53.3 1.52 mihoim
Measured Body TSL parameters (B2.0202)C 536+6% 1.49 mhoim = 6 %
Body TSL tamperature change during test < 05°C -
SAR result with Bady TSL
SAR averaged over {1 ¢m’ (1 g) of Body TSL Condition
SAR measured 250 miA inpul power 10.1 Wikg

SAR for nominal Body TSL parameters

nermabized o W

40.8 Wkg % 17.0 % (k=2)

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

condition

SAR measured

230 r input poweer

5.38 Wikg

SAR tor nomiral Body TSL parameters

narmalized to 1V

21.7 Wikg = 16.5 % (h=2}

Certificate MNo: D190VE-54009_May13

Page 3ol 8
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Annex D to Test report no

.. 1-6824/13-01-02-A CETECOMTM

Appendix
Antenna Parameters with Head TSL
Impedanca, transtormed o fead point 512042102
Returmn Loss - 32E 0B
Antenna Parameters with Body TSL
Impedance, transformed 1o leed point 4580+ 3.2 0
Return Loss - 26.54d8
General Antenna Parameters and Desigh
Electrical Delay (one direclion) 1188 ng —|

After long tenm use with 100W radiated power. ortly a slight warming of the dipole near the feedpoin can be measured.

The dipode is made of standard sernirigid eoaxial cable. The center conductor of the feeding line is direcily connectad tir the
second amn of the dipele. The antenna is therefore short-circuited lor DC-signals. O some of the dipoles, small end caps
are addad 10 the dipola arms in order to improve matching when loaded according to the position as explained in the
“Meazurement Conditions” paragraph. The SAR data are not afiected by this change. Tha overall dipole length is still

acearding te the Standard,

Mo excessive force must be appliad to the dipols arms, because they might bend or Ihe so'dered conneclions near the

feedpoint may be damaged.

Additional EUT Data

Manulactured by

SPEAG

Manutactured an

February 22, 2002

Cenificate MNo: D1900%2-54009_May13
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Annex D to Test report no.: 1-6824/13-01-02-A CE’E M

DASYS5 Validation Report for Head TSL

Date: 15.052013

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 1900 MHz; Type: D1900V2; Scrial: D1900V2 - SN: 5d009

Communication System: UID 0 - CW ; Frequency: 1900 MHz

Medium parameters used: = 1900 MHz; 6 = 1.35 S/m; & = 39.3: p = 1000 ke/m’
Phantom section: Fliat Section

Measurement Standand: DASYS (TEEE/EC/ANST C63.19-2007)

DASYS2 Configuration;

Probe: ES3DV3 - SN32035; ConvF(4.98. 4.98, 4.98): Calibrated: 28.12.2012;
Sensor-Surface: 3mm (Mechanical Surface Detection)

Electronics: DAEA Sn601; Calibrated: 25.04.2013

Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOA A; Serial: 1001
DASYSZ528.6(1115). SEMCAD X 146%7117)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7}/Cube 0:
Measurement grid: dx=Smm, dy=5mm, dz=5mm

Reflerence Value = 96.587 V/m: Power Drift = 0.06 dB

Peak SAR (extrapolated) — 17.9 Wikg

SAR(1 g) = 9.85 W/kg: SAR(10 g) = 5.18 W/kg

Muximum valuc of SAR (measured) = 12.2 Wiko

0dB =122 W/ka = 10.86 dABW/kg

Certificata No: D1800V2-54009_May13 Page 5of8
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CETECOM

Impedance Measurement Plol for Head TSL
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Annex D to Test report no.: 1-6824/13-01-02-A CE’E M

DASYS Validation Report for Body TSL

Date: 15.05.2013
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN 54009

Communication System: UID 0 - CW : Freguency: 1900 MHz

Medium paramcters used: f= 1900 Mlz; o = 1.49 $/m; &, = 53.6; p=1000 kg{m]
Phantom section; Flat Section

Measurement Standard: DASYS (IEEEAEC/ANSI Ca3.18-2007)

DASY52 Configuration:
« Probe: ES3DV3 - SN3205; ConvF(4.6, 4.6, 4.6); Calibrated: 28.12.2012;
= Sensor-Surface: 3mm (Mechanical Surfuce Detection)
¢ Fleetronies: DAE4 Sn601: Calibrated: 25.04.2013
» Phantom: Flat Phantom 5.0 (hack): Type: QDODOPSOAA: Serial: 1002
» DASYS52Z52.8.6(1115) SEMCAD X 14.69(7117)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zvom Scan (7x7x7)/Cube 0:
Measuremenr grid: dx=Smm, dy=5mm, dz=5mm

Relerence Value = 96.587 Vim: Power Drifll = 0.00 dB

Peak SAR (extrapolated) = 17.2 W/kg

SAR(I g} = 10.1 Wikg;: SAR(10 g) = 5.38 W/kg

Maximuun value of SAR (measured) = 12.7 Wikg

JdB

-4.00
-8.00
-12.00

16.00

-20.00

0dB = 12.7 Wikg = 11.04 dRW/kg

Centilicate Ne: D1900V2-5d008 May13 Papga 7of 8
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Impedance Measurement Plot for Body TSL
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5 Calibration certificate of Data Acquisition Unit (DAE)

= 5 ey,
cal'b'_'atlon Laboratory of 3.\‘:}‘\53:?3 Schweizerischer Kallbrierdienst
Schmid & Partner ;Iﬁé Bervice suisse d'étalonnage
Engineering AG e servizio svizzera di taratura
Zeughausstrasse 43, 8004 Zurigh, Switzerland UL Swiss Calibration Sorvice
T I
Autaediled by the Swiss Aucreditation Service (SAS) Accreditation No: SCS 108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificales

Ghiant Cetecom Cortificate No: DAE4-1387_Aug13

CALIBRATION CERTIFICATE |

Oieut DAE4 - SD 000 D04 BM - SN: 1387

Calibration procodura(s) QA CAL-06. V26
Calibration procedurc for the dala acquisilion electronics (DAE)

Calibration date: August 28, 2013

Tnis callpratian cerificate documents the traceabdity fo nationsl standards. which realize the physical units of measurements (S1).
The measurements and the uncertaintias with confidanca peohabilily sre given on the following pages and are part of tha cerlificate.

All calibrations hava been eonductad in the clnsod lahoratory facility: environment temporature (22 £ 3)°C and humidity < 70%.

Calibration Equipment used (M&TE critical for cafibration)

Primary Stondards DR Cal Dale (Cerfificate Ne ) Seheduled Calibration
Keithloy Mulimeter Type 2001 SN: 0810276 02-0u1-12 (Mo, 12728) Oct13
Secondary Standards |iog Check Dato {in houso) Schadulod Chack
Auto DAE Calbration Unit BE UWSE 053 AA B O/-Jan-13 [in house check) I house chegh: Jan-14
Catibrator Box V2.1 SE UMS 006 AA 1007  07-lan-13 (in housa rhock) In house checle: lan.14
Mama Funclion Signalure
Galiprated by; R Mayoraz Technician ==
Ay &
K phltepenery
Approved by, Fin Bomholt Depusy Trchnical Manager: 8
h'\!- ﬂl,w
Issuwend, Augusl 28, 2013
This calibration cerificale shall not be reproduced except in full without writlen approval of the laboratory. .

Certificate No; DAE4-1387 Aug13 Page 10f5
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6 Certificate of “SAM Twin Phantom V4.0/\V4.0C"

Schmid & Partner
Engineering AG

Zeughsusitrasse 43, BO04 Zurich, Switrerland, Phone +41 1 245 §7 00, Fax +41 1 245 97 ¢

Certificate of conformity / First Article Inspection

ltam SAM Twin Phantom V4.0

Type No Q0 000 P40 BA

Serigs Mo TP-1002 and higher

Manufacturer f Origin Untersee Composites
Hauptstr. 69
CH-85539 Fruthwilen
Switzerland

Tests

The series production process used allows the limitation {o test of first articles.

Comgplate tests were made an the pre-seres Type No. GD 000 P43 AA, Serial No. TP-1001 and on the
series first article Type Mo. QD 000 P40 BA, Senal No. TP-1006. Certain paramelers have been retesled
using further series units {called samples].

Tast Requirement Details Units tested

Shape Compliance wilh the geomelry IT'IS CAD Fils () First articls,
gccording ta Lhe CAD modal. Samples

Material thickness | Compliant with the reguiremeants 2mm +-0.2mm in First article,
according to the standards specific areas Samples

Material Dislgctric parameters for required 200 MHz - 3 GHz Material

parameters fraquencies Relative permittivity < & | sample

Logs tangent < 0.05. TF 104-5

Malerial resistivily | The material has been tested 10 be Liguid type HEL 1800 Fre-series,
compatible with the llquids defined in | and others according to | First arlicle
the slandards the standard.

Standards

[1] TENELEC EN 503561

[2] |EEE P1528-200x draft 6.5

(3] IECPT 62209 draft 0.9

(1 The ITYS CAD file is derived from [2] and is alsa wilhin the tolerances requirements of tha shapes of
[t]and [3]

Conformity

Based on lhe sample tests above, we certify that this item is in compliance with the uncertainty
requirements of SAR measurements specified in standard 1] and draft standards [2] and [3).

Date 18.11.2001

- v g L
i s/ﬁéu\:’//_ﬁg Schmid & Partner H’:%_):; Jﬂ"‘/"’/A
ignature { Stamp Engineering AG

Taughauistisise 43, CH-2004 Zurlch
Tal. +41 % 245 97 00, Fax 447 1 243 97 7%

Doc Mo 881-QD 0 PAOEA-B Fage 1)
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7  Application Note System Performance Check

7.1 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.

7.2 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.

7.3 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% o0
Axial isotropy 14.7% Rectangular [V3 0.7 [0.7 [£1.9% +1.9% o0
Hemispherical isotropy +0.0% Rectangular [V3 [0.7 [0.7 [+0.0% +3.9% o0
Boundary effects £1.0% Rectangular [V3 |1 1 1 0.6% 1 0.6% ©
Probe linearity +4.7% Rectangular [V3 |1 1 +2.7% +2.7% o0
System detection limits +1.0% Rectangular [V3 |1 1 +0.6% +0.6% o0
Readout electronics +1.0% Normal 1 1 1 +1.0% +1.0% ©
Response time 1 0.0% Rectangular [V3 |1 1 1+ 0.0% 1 0.0% ©
Integration time 1 0.0% Rectangular [V3 |1 1 1+ 0.0% 1 0.0% ©
RF ambient conditions +3.0% Rectangular [V3 |1 1 +1.7% +1.7% %0
Probe positioner 1+ 0.4% Rectangular [V3 |1 1 +0.2% +0.2% o0
Probe positioning +2.9% Rectangular [V3 |1 1 +1.7% +1.7% o0
Max. SAR evaluation +1.0% Rectangular [V3 |1 1 +0.6% +0.6% 0
Test Sample Related
Dipole axis to liquid +2.0% Normal 1 1 1 +1.2% +1.2% 0
distance
Power drift +4.7% Rectangular [V3 |1 1 +2.7% +2.7% o0
Phantom and Set-up
Phantom uncertainty +4.0% Rectangular [V3 |1 1 +2.3% +2.3% ©
Liquid conductivity (target) |+ 5.0% Rectangular [V3 [0.64 [0.43 [+ 1.8% +1.2% 0
Liguid conductivity (meas.) |+ 2.5% Normal 1 0.64 [0.43 |£1.6% +1.1% ©
Liquid permittivity (target) |+ 5.0% Rectangular [V3 [0.6 [0.49 [+1.7% +1.4% 0
Liquid permittivity (meas.) |+ 2.5% Normal 1 0.6 [0.49 |£1.5% +1.2% 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 ©
Axial isotropy +4.7% Rectangular [V3 [0.7 |0.7 |0 0 %0
Hemispherical isotropy +0.0% Rectangular [V3 [0.7 |0.7 |0 0 o0
Boundary effects £1.0% Rectangular [V3 |1 1 0 0 ©
Probe linearity +4.7% Rectangular [V3 |1 1 0 0 5
System detection limits +1.0% Rectangular [V3 |1 1 0 0 0
Readout electronics £1.0% Normal 1 1 1 0 0 ©
Response time 1+ 0.0% Rectangular [V3 |1 1 0 0 o0
Integration time +0.0% Rectangular [V3 |1 1 0 0 5
RF ambient conditions 1 3.0% Rectangular [V3 |1 1 0 0 o0
Probe positioner 1+ 0.4% Rectangular [V3 |1 1 0 0 o0
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% ©
Liquid conductivity (meas.) |+ 2.5% Normal 1 0.64 |0.43 |£1.6% +1.1% o0
Liquid permittivity (target) |+ 5.0% Rectangular [V3 |06 [0.49 [£1.7% +1.4% o0
Liquid permittivity (meas.) |+ 2.5% Normal 1 0.6 [0.49 |£1.5% +1.2% o0
Combined Uncertainty £ 5.3% £4.9%
Expanded Std. 1 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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7.4 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:

dit.
. idB v
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Generator ’ Pass 1 : i ®
At
An2? L
® —==—() ()
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&) —==
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 250mW
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.

+ 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.
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* 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.

7.5 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.

7.6 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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