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Calibration report “Probe ES3DV3”

Calibration Laboratory of S,

Schmid & Partner %
Engineering AG z

ZM 5004 Zurich, Switzerland "‘{‘ﬁ'\??

Accracited by ihe Swass Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of callbration certificates

Schweizerischer Kalibrierdi

Service suisse d'étalonnage
Sarvizio svizzero di taratura
Swiss Calibration Service

nwown

Accreditation No.: SCS 0108

Certificate No: ES3-3320_Jan18

[CALIBRATION CERTIFICATE

Otyect ES3DV3 - SN:3320

Calibration proceduro(s)

QA CAL-01.v9, QA CAL-12.v9, QA CAL-23.v5, QA CAL-25.v6

Caleraton cato

January 15, 2018

™

The ws and the Hies with

This caltraton cendcate documents the traceabiity % national standards, which relize the physcal unts of measirements (54)
dity ace givon on Ihe folowing pages and are par of the cenificate

Al calbrations have been conducted in e closed laboatory faciity: environment temperative (22 £ 3)°C and humdty < 70%

Caibrabon Equpmont used (MATE crcal for calbrason)

Primary Standards D Cal Date (Cenificate No.) | Scheduled Catbrasion
Powsr metar NRP SN 104778 04-Ape-17 (No. 217-0252102522) Apr18

Power sansor NRP-201 SN- 103244 04-Age-17 (No. 217-02521) Apr18

Power sensor NRP-Z01 SN 103245 O4-Ape-17 (No. 217-02525) Apr-18

Reforance 20 o3 Attenuator SN 85277 (20x) 07-Apr-17 (No. 217-02528) Apr18

Referonce Probe ESI0OV2 SN: 3013 30-Dec-17 (No. ES3-3013 Ces'7) Dec-18

OAE4 SN. 680 21-Dac-17 (No. DAES.660_Dect?) Dec-18

Secondary Standards 53] Chck Date (in house) Schoduled Chack
Power meter E44198 SN: GB41293374 06-Apr-16 (in house chack Jun-18) In house check: Jun-18
Power sensor E44124 SN: MY41458087 06-Apr-16 (in house check Jun-16) In house chech. Jun-18
Power sensor E4412A SN; 000110210 06-Apr-16 On house check Jun-16) In house chach. Jun-18
RF generator MP 8648C SN: US3642001 700 04-Aug-94 {in house check Jun-16) In house chock: Jun 18
Network Anayzor HP 8753E SN: USI7300585 18-0c1.01 (im howse check O-17) In house check: Oct-18

Name Fanction Signature

Castrates by Jaton Kastesti Latoratory Techncian q7 W
Approved by Kata Pokovic

w— A

lssuod: January 16, 2018

This calbraton cortficate shal not be reproduced except in full without wiitten approval of the leborstory

Centificate No: ES3-3320_Jan18

Page 1ot 11
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Test report no.: 1-5566/17-01-02-A CTC ||| advanced

member of RWTUV group

Calibration Laboratory of L, Schweizerischar Kalloriergiorst
Schmid & Partner N g Sorvice suisse d'étalonnage
Engineering AG = g  Servidio svizzero o taraturs
Zeughausstrasse 43, 8304 Zurich, Switzerland R Swiss Calibration Sarvice
WAl
Accrodied by the Swiss Accreditation Service (SAS) Accroditation No.: SCS 0108

The Swiss Accreditation Senvice is one of the signatories to the EA
Muttilateral Agrsement for the recognition of calibration cortificates

Glossary:

TSL tissue simulating fiquid

NORMx,y.z sensdivity in free space

ConvF sensitivity , TSL / NORMx,y.z

pce dicde compression point

CF crest factor (1/duty_cycle) of the RF signal

A.B.C.D modulation dependent linearization parameters

Polarization ¢ p rotation around probe axis

Polanzation § 9 rotation around an axis hat is in the plane normal to probe axis (at measurement canter),
I8, 8 =0 is normal 1o probe axs

Connector Angle Information used in DASY system 1o align probe sensor X to the robot coordinate system

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques”, June 2013

b) IEC 62209-1, ", "Measurement procedure for the assessment of Specific Absorption Rate (SAR) from hand-
held and body-mounted devices used next to the ear (frequency range of 300 MHz to 6 GHz), July 2016

c) IEC 62209-2, "Procedure to detarmine the Specific Absorption Rate (SAR) for wireless communication devices
used in closs proximity to the human body (frequency range of 30 MiHz to 6 GHz)", March 2010

d) KDB 865664, "SAR Measurement Requirements for 100 MHz to 8 GHz"

Methods Applied and Interpretation of Parameters:

¢ NORMx.y z: Assessed for E-field polarization 8 = 0 (f < 900 MHz in TEM-cell; f > 1800 MHz; R22 waveguide),
NORMx.y.z are only intermediate values, i.e., the uncertainties of NORMx.y,z does not affect the E -field
uncertainty inside TSL (see below ConvF),

*  NORM(f)x.y,z = NORMx.y,z * frequency_response (see Frequency Response Chart). This linearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the frequency response is included
in the stated uncertainty of ConvF,

¢ DCPxy.z: DCP are numerical lineanzation parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media

* PAR:PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics

¢ Axy.z Bryz Cxyz Oxyz VRxyz A B, C, D are numerical linearization parameters assessed based on
the data of power sweep for specific modulation signal. The parameters do not depend on frequency nor
media. VR is the maximum calibration range expressed in RMS voltage across the diode,

« ConvF and Boundary Effect Parameters: Assessed in fiat phantom using E-field (or Temperature Transfer
Standard for f < 800 MHz) and inside waveguide using analytical field distributions based on power
measurements for f > 800 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given. These parameters are
used in DASY4 software to improve probe accuracy close 1o the boundary, The sensitivity in TSL corresponds
to NORMx.y.z * ConvF whereby the uncertainty corresponds to that given for ConvF, A frequancy dependent
ConvF is used in DASY version 4.4 and higher which allows extending the validity from < 50 MHz to + 100
MHz.

* Spherical isotropy (3D deviation from isotropy): in a field of low gradients realized using & fiat phantom
exposed by a patch antenna,

« Sensor Offset The sensor offset comesponds to the offset of virtua! measwurement center from the probe tip
(on probe axis). No tolerance required.

« Connector Angle: The angle is assessed using the information gained by determining the NORMx (no
uncertainty required).

Certficate No: ES3-3320_Jan18 Page 2 of 11
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ES3DV3 - SN.3320 January 15, 2018

Probe ES3DV3

SN:3320

Manufactured:  January 10, 2012
Calibrated: January 15, 2018

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)

Corntficate No- ES3-3320_Jan18 Page 3of 11
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ES30V3- SN:3320 January 15. 2018

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3320

Basic Calibration Parameters

Sonsor X Sensor Y Sensor Z Unc (k=2)
Norm (uViVim))* 1.23 1.05 1.13 +101% |
DCP (mV)" 1035 105.6 103.6 —}
Modulation Calibration Parameters
uiD Communication System Name A 8 c ) VR Une"
d8 | dBVav d8 mv | (k=2)
0 cw X | 00 00 1.0 000 | 1826 | 227 %
3 Yy | o0 0.0 1.0 1988
z 0.0 00 10 | 197.9

The rezoned uncertainty of measurement is stated as the standard uncertainty of measurement

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

1 Tho uncenairtios of Nomi X.Y,Z do not affect the E™-feid uncedarty nside TSL (see Pages 5 and 6)
* Numancal linoasization parsmeter: uncortainty not recisred.

' Uncantainty s cetermined wsing the max. deviation rom linear response applying reclangutar distrbubon and s expressed for the sguare of the
Leld value

Certificate No: ES3-3320_Jan18 Pagadot 11
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Test report no.: 1-5566/17-01-02-A CTC ||| advanced

member of RWTUV group

ES30V3- SN:3320 Januaty 15, 2018

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3320

Calibration Parameter Determined in Head Tissue Simulating Media

1 (MHz} © p.m_."_;,- comm ConvFX | ConvFY | ConvFZ | Alpha® “Ln?;.'f (:3)
450 435 0.87 6.99 6.99 6.99 0.18 125 | £133%
600 427 0.88 6.67 6.67 6.67 0.11 125 | £133%
750 419 0.89 6.55 6.55 6.55 0.70 128 | £120%
850 415 092 6.35 6.35 8.35 0.75 126 | £120%
900 415 0.97 6.31 6.31 631 0.80 119 | 2120%
1450 40.5 1.20 5.70 5.70 5.70 0.80 108 | +120%
1640 402 1.31 553 553 553 0.55 1.38 | 2120%
1750 40.1 1.37 5.41 541 541 0.66 131 | 2120%
1500 400 1.40 521 521 5.21 0.78 121 | $120%
2450 392 180 | asa 4.64 4.64 0.69 140 | £120%

‘ancyvaﬂwymmmouIOOM&on)ylpptulormsvvdlnndNyhu(umZ).amnnmm:SOMMm
uncetanty is the RSS of the ConF uncertainty o caltraton frequency and the ity for the indicated frag y band. F y volidity
behwmwu:W.ZS.AO.SON?OMH:MOOMFWMW!JO‘M.ln.!w“mwm‘wswmw
vailidly can be oxterided to £ 110 Miz,

" At froquancias dalow 3 Gz, he validty of Sszue parametoe (¢ and o) can be relaxed to = 10% if Igui! compensation foemuld is spplied 1o
mosuedsmm-:.Mtwamam.lmw!oqufnum(:Mc)ommdbzs%.mewmomomd
gwmmmymmmwwtmmm

AlphaDepth are determined durng calibration. SPEAG wanants that th remaining deviaton due to the Doundary eflact after compensaton is
dwysbumna1%Iulkuona'ubciw3GMundbm:ahmmm:ﬁGmuwmnrulmmmmmnp
diamster fom the boundary

Certficate No: ES53-3320_Jan18 Page 5of 11
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Test report no.: 1-5566/17-01-02-A CTC ||| advanced

member of RWTUV group

ES3DV3~ §N:3320 January 15, 2018

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3320

Calibration Parameter Determined in Body Tissue Simulating Media

f (MHz)© ”l:;'mmm s co'("éfl:nc;'m ConvF X | ConvFY | ConvFZ | Alpha® m" u(ksl_
450 56.7 0.94 7.15 7.15 7.15 0.11 125 | 2133%
600 56.1 0.95 6.77 6.77 6.77 010 | 125 | £133%
750 55.5 0.96 6.28 6.28 6.28 0.80 118 | 2120%
850 55.2 0.99 6.16 6.16 B.16 073 | 122 | £120%
900 55.0 1.05 6.24 6.24 6.24 080 | 114 | +120%
1450 54.0 1.30 5.39 5.39 5.39 080 | 112 | £120%
1640 53.7 1.42 5.33 5.33 5.33 045 | 161 | 2+120%
1750 | 534 1.49 4.97 497 4.97 0.56 155 | $120%
1900 533 1.52 4.78 478 4.78 048 | 176 | 2120%
2150 531 1.66 4.76 4.76 4.76 0.75 136 | £120%
2450 52.7 1.95 4.51 4.51 4.51 080 | 120 [ 2120%

‘an-ncywmynm:voomzdg|mnmm»muumw.aamhqw(mmzxomumio:somm.m:
uncetanty is the RSS of the ConF ur ly #t cakbration freq: y ard the uncertanty for tha indicated frequency band. Frequency valdty
mmaonuuuxio,zs.w.sommmuvucmwammmusou‘123.1wwmmm»¢w Above 5 GHz frequency
validty can be extended 1o 4 110 MHz.
'Aﬂrwuhwacﬂz.mvlmyolmwmm(cmnmmmm:1mnmwwwsomm
measured SAR valuas. Al raquences above 3 Gz, the vaidity of tissue pa (v and o} & restrictod to = 5% The unceriainty = the RSS of
gte CorvF uncerainty for indicated 1aeget (1ssue parameters

Alpha/Depth sre determined dunng calitration. SPEAG wartants (hal e temaining daviation due 1 the boundary aMoct afier compansaton s
m,.loum:lsfnrfnqwna«ww30":andszmiwhmmwms-oemalwmmmlmwmmuo
diamadar from the boundary

Cenficate No: ES3-3320_Jan18 Page 6of 11
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Test report no.: 1-5566/17-01-02-A CTC ||| advanced

member of RWTUV group

ES3DV3- 8N:3320 January 15, 2018

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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Uncertainty of Frequency Response of E-field: + 6.3% (k=2)

Certificate No: ES3-3320_Jan18 Page 7of 11
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Test report no.: 1-5566/17-01-02-A CTC ||| advanced

member of RWTUV group

ES3DV3- SN:3320 January 15. 2018

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz, R22
1} - 4
- - a6 - 4 % '
. a . - . . .
T X Y d Tt X Y b4
01-, S FE > S : ‘ . F NSVIPISE |
- i i
% no«_.-.—oa—o—o-o-*o~‘—* e 2 I R e o o )
-1 L
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oY Rot [
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Uncertainty of Axial Isotropy Assessment: £ 0.5% (k=2)
Certificate No: E53-3320_Jan18 Page8of 11
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Test report no.: 1-5566/17-01-02-A CTC ||| advanced

member of RWTUV group

January 15, 2018

ES30V3- 8N:3320
Dynamic Range f(SARcaq)
(TEM cell , feuu= 1900 MHz)
2
g
@
2 7
‘: 4 : { -- + ramiy
E 01— ': ! 5 imgogoaire f’?:f;”-w—@f;"i‘
u o [l 1 A S i
- 1] I | ! ‘L
24 7 T | T i
104 104 10 10¢ 101 102 0
SAR [mW/am3) s
not com:ouum compensated
Uncortainty of Linearity Assessment: £ 0.6% (k=2)
Centificate No: ES3-3320_Jan18 Pape 9of 11
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Test report no.: 1-5566/17-01-02-A

CTC ||| advanced

member of RWTUV group

ES3DV3- SN:3320

Conversion Factor Assessment

f = 500 MHz,WGLS RS (H_convF)

L

Deviation from Isotropy in Liquid
Error (¢, 8), f =900 MHz

\ation

-0 -08 -06 04 02 00 02 04 05 08 10
Uncertainty of Spherical Isotropy Assessment: £ 2.6% (k=2)

Centificate No: £83-3320_Jan18 Page 10 of 11

January 15, 2018

f= 1750 MHz WGLS R22 (H_convF)
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Test report no.: 1-5566/17-01-02-A

CTC ||| advanced

member of RWTUV group

ES30V3- SN:3320

January 15, 2018

DASY/EASY - Parameters of Probe: ES3DV3 - SN:3320

Other Probe Parameters
Sensor Arrangement Triangular
| Connector Angle (*) 725
Mechanical Surface Detection Mode enabled
Optical Surface Datection Mode disabled |
Probe Overall Length 337 mm
" Probe Body Diameter 10 mm
Tip Length 10 mm
Tip Diameter 4mm
"Probe Tip o Sensor X Casbrabon Paint Zmm
Probe Tip to Sensor Y Calibration Point 2mm
Probe Tip to Sensor Z Calibration Point 2mm
Recommended Measurement Distance from Surface 3mm

Ceortificate No: ES3-3320_Jan18 Page 11 of 11
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3 Calibration report “Probe EX3DV4”

Calibration Laboratory of oy, Schwelzs rdianat

Schmid & Partner 4 SN % (s: Service ..'ZT.."'}:"..':'..",....
Engineering AG = Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzortand f-,.,,"/,-\\\_y" S swiss Calibeation Servics

Accredted by the Swiss Accrodtation Service (SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Ag fos the gnition of calibration cortificates

cient  CTC advanced GmbH

Accreditation No.: SCS 0108

Certficate No: EX3-3944 May17

[CALIBRATION CERTIFICATE |
¥ |
l Otyect EX3DV4 - SN:3944

Calbration procedurels) QA CAL-01.v9, QA CAL-14.v4, QA CAL-23.v5, QA CAL-25.v6

Calibration procedure for dosimetric E-field probes

Calbration date May 12, 2017

This calibraton contificate go s the raceabiiey 1o nabonal , which raaize the physicat urts of measurements (S1)
The measutements and e uncetanties with conioence probability are given on the followng peges and are part of the contficate

Al casbratons have bean conducted in ihve closed &

y faciity: 2 lemp ¥0 (22 £ 3)°C and humidity « 70%.

Calivation Equipment used (MATE critical Tor caldraton)

Fimary Standards 8] Col Date (Certdicate No:) Scheduled Calibestion

Pawer meler NRP SN: 104778 04.Apr17 (No. 2170252 1/02522) Api-18

Pawar sersor NRP-Z91 SN: 103244 04-Ape-17 {No. 217-02521) Aor-18

Powet sensor NRP-ZS1 SN 103245 08-Ape-17 (No. 217-02528) Ape-18

Re 20 ¢B Attenuator SN 55277 (20x) 07-Apr-11 (No 217.02528) Ape-18

Reference Probe ES30V2 SN 3013 31-Dec-16 (No. ES3-3013_Dec16) Dac17

DAE4 SN 650 7-Dec-16 {No. DAEA.B80_Dec16} | Dac17

Sacondary Stancards D Check Data (in house) Scheduaiat Chech

Power meter E44108 SN GBa1203874 06-Apx-16 (in house check Jun-18) In house check Jun-18

Power sensor E4412A SN MY&1498007 05-Agr-10 (in house check Jun 18) in house check: Jun-18

Power sensor E4412A SN: 000110210 06-Ape-10 (i house check Jun-18) In bouse check: Jun. 18
|_RF generator HP 8648C SN USS842001700 04-Aug-99 (n nouse check Jun-16} In house check: Jun-18

Network Analyzer HP B753E SN US37390585 18-0ct-01 (in house chack Oct-16) In house chack: Oct-17

Name Function Signature

Calibrated by: Lest Kiysnes Laboratory Techncan &’/ %
Approved by Katja Pokovic Techrecal Manager

Issued. May 13 2017

This calibration certificate shall not be reproduced excepl in full wihout writhen approval of the Bbaraioey

Centificate No: EX3-3944_May17 Page 10f 11
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Calibration Laboratory of

AN Schwezerischer Kalibrierdienst
Schmid & Partner "\\~“// = g Service suisse détalonnage
Engineering AG g g Serviio svizzero ol taratura
Zeughausstrasse 43, 3004 Zurich, Switzertand {'4.,,{:\’\\“\,-‘? Swiss Calibration Service
Acsredied by the Swiss Accraciation Sanvice (SAS) Accreditation No.: SCS 0108
Tho Swiss Accreditation Sorvice is one of the signatories to the EA
Muitilatoral Agr for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
NORMx,y.z sensitvity in free space
ConvF sensitivity in TSL / NORMx.y,z
DCP diode compression point
CF crest factor (1/duty_cycie) of the RF signal
ABCD modulation dependent linearization paramelers
Potanzation ¢ ¢ rotation around probe axis
Polarization § 4 rotation around an axis that is in the plane nermal to probe axis (at measurement center),
1@, % =0 s normal to probe axis
Connector Angle Information used in DASY system to akgn probe sensor X 1o the robol coordinate system

Calibration is Performed According to the Following Standards:

a) |EEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-Averaged Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques”, June 2013

b) 1EC 62209-1, "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

¢} IEC 62209-2, "Procedure to determine the Specdic Absorption Rate (SAR) for wireless communication devices
used in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

d) KDB 885664, "SAR Measurement Requirements for 100 MHz to 6 GH2"

Methods Applied and Interpretation of Parameters:
NORMx.y.z: Assessed for E-field polanzation § = 0 {f < 900 MHz in TEM-cell, I > 1800 MiH2z: R22 waveguide),
NORMYx,y.z are only intermediate values, |.&., the uncertainties of NORMx.y,z does not affect the E*-field
uncertainty inside TSL (see below ConvF).

o NORM{Nx.y.z = NORMx.y.z * frequency_response (see Frequency Response Chart). This knearization is
implemented in DASY4 software versions later than 4.2. The uncertainty of the fraquency response is included
in the stated uncertainty of ConvF.

« DCPxy.2: DCP are numerical lineanzation parameters assessed based on the data of power sweep with CW
signal (no uncertainty required). DCP does not depend on frequency nor media.

o  PAR: PAR is the Peak to Average Ratio that is not calibrated but determined based on the signal
characteristics

o Axy.z Bxyz Cxyz Dxy.z VRe.yz A, B, C, D are numercal inearization parameters assessed based on
the data of power sweep for specfic modulation signal, The paramelers do not depend on frequency noe
media. VR is the maximum calibration range expressed in RMS voltage across the diode,

« ConvF and Boundary Effect Parameters: Assessed in flat phantom using E-field (or Temperature Transfer
Standard for f < B00 MHz) and Inside waveguide using analytical field distributions based on power
measurements for f > B00 MHz. The same setups are used for assessment of the parameters applied for
boundary compensation (alpha, depth) of which typical uncertainty values are given, These paramelers are
used in DASY4 software to improve probe accuracy close to the boundary. The sensitivity in TSL corresponds
to NORMx.y,z * ConvF whereby the uncertainty corresponds to that given for ConvF. A frequency dependent
ConvF Is used in DASY version 4.4 and higher which allows extending the validity from £ 50 MHz 1o £ 100
MHz,

«  Sphencal isotropy (3D deviation from isotropy). n a field of low gradients realized using a flat phantom
exposed by a patch antenna,

« Sensor Offset; The sensor offset corresponds 10 the offset of virtual measurement center from the probe tip
(on probe axis). No tolerance required,

e Connector Angle: The angle s assessed using the information gained by determining the NORMx (no
uncertainty required)

Cartificate No: EX3-3044_Msy17 Page 2of 11
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EXADV4 - SN3844 May 12, 2017

Probe EX3DV4

SN:3944

Manufactured:  May 2, 2013
Calibrated: May 12, 2017

Calibrated for DASY/EASY Systems

(Note: non-compatible with DASY2 system!)

Cenificate No: EX3-3844 May17 Pageldof 11
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Test report no.: 1-5566/17-01-02-A CTC ||| advanced

member of RWTUV group

EX3DV4- SN:3844 May 12, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3944

Basic Calibration Parameters

Sensor X Sensor Y Sensor Z Unc (k=2)
Norm (uV/(Vim))" 0.55 0.62 0.41 +101 %
DCP (mV)" 100.5 98.9 102.6
Modulation Calibration Parameters
uID | Communication Systom Name A B c D VR Unc'
4B | dBVWY L 48 | mv | (k*2)
0 cw x| 00 0.0 10 | 000 | 1521 | $25%
| Y | 00 0.0 10 | 1548 |
] z| o0 0.0 10 1483 |

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

" The uncenanies of Nomm X,Y 2 6o not atlact the £%-fekd uncenainty nsice TSL (506 Pages & and 6]

" Numnerical ineatization parameter: uncerisioty not recuied.

' Uncenainty & determined using the max deviaticn fem near response Spplyng rectanguiar dsiribution and s expressed for the square of the
fieid value

Certificate No: EX3-3044_May17 Page 4 of 11
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Test report no.: 1-5566/17-01-02-A CTC ||| advanced

member of RWTUV group

EX30V4- SN 3044 May 12, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3944

Calibration Parameter Determined in Head Tissue Simulating Media

1 (MHz)© P:-:‘nmy' cm(;mc:w ConvF X | ConvFY | ConvFZ  Alpha® DC«:_:‘Z (‘u‘:p |
750 419 0.89 1073 | 1073 | 1073 | 060 | 082 | £120%
850 415 0.92 1045 | 1045 | 1045 | 042 | 093 | +120%
900 41.5 0.97 10.31 10.31 1031 | 046 | 085 | £120%
1750 40.1 137 887 8.87 8.87 026 | 080 | +120%
1900 40.0 1.40 865 8.65 8.65 029 | 080 | $+120%
2450 39.2 1.80 7.83 7.83 7.83 033 | 080 | +120%
2600 39.0 1.96 7.55 7.55 7.55 036 | 085 | £120%
3500 37.9 2.91 743 7.43 7.43 0.25 120 | £131%
5200 36.0 4.66 5.59 5.59 559 035 | 180 | £13.1%
5300 350 4.76 5.37 5.37 5.37 035 | 180 | £131%
5500 356 4,95 5.28 5.28 5.28 035 | 180 | £131%
5600 355 5.07 497 497 497 040 | 180 | £13.1%
5800 35.3 5.27 4.98 4,98 498 040 | 180 | £131%

" Frequency valdity above 300 MHz of + 100 Mz only applies %or DASY w4 & and hughar (see Page 2), sfee # is restricted to + 50 MHz The
uncertanty is the RSS of Mg ConvF uncensnty ot calbiation freguency and the uncenainty for the indcated frequenty band. Frequency valdty
bekow 300 MHz = & 10, 26. 40, 50 ond 70 M-z for ConvF assessmants at 30 64, 126, 150 and 220 MHz respectively. Above § GHz Srequancy
vmnanbeuwm:nnm

Al Troquencies below 3 GHe, the validity of lissue parsmesers (¢ and o) can be relwed 10 4 10% If hauk! compensation formula is apphed 1o
maoasured SAR values At frequancies abovo 3 GHz, the vafidty of fissue parametors (« and o} s resticted 10 £ 5% The uncertanty is ihe RSS of
the ConvF nmtnmomdwmwnssm perameters

Y AlphaDepth ace 4 SPEAG ta that the remaining dewiation due 1o the boundary effect after compensation is

Mwlassmnx I%WWWSGHINM:thwanm”&u:a«y&mmwwmmmmm
from the bx

Cervficate No: EX3-39448 May17 Page S50f 11
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EX3DV4- SN 3944 May 12, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3944

Calibration Parameter Determined in Body Tissue Simulating Media

f(MHz) © n%' co?as:nc;mq ConvFX | ConvFY | ConvF2 | Alpha® D(mu (2:;)
750 565 0.96 10.44 10.44 10.44 047 0.81 £120%
850 55.2 0.99 10.30 10.30 10.30 0.46 080 | £120%
900 55.0 1.05 10.06 10.08 10.06 0.39 092 | £120%
1750 53.4 1.49 8.51 8.51 8.51 0.34 080 | £120%
1900 53.3 1.52 8.19 8.19 8.19 0.34 080 | +120%
2450 52.7 195 7.86 7.86 7.86 0.36 080 | +120%
2600 52.5 216 7.59 7.59 7.59 0.30 080 | £120%
3500 51.3 3.31 7.07 7.07 7.07 0.27 120 | +131%
5200 49.0 530 5.08 5.08 508 0.35 190 | +131%
5300 48.9 542 482 4.82 4.82 0.35 190 | £131%
5500 48.6 565 442 442 442 035 190 | +£131%
5600 485 5.77 4.24 4.24 424 0.40 190 | £131%
5800 482 6.00 4.46 436 4.36 0.40 190 | £131%

‘rmwnﬁwmmmdzwommnomufumsvuamwm(mpmz; sl it @ resnctod 30 t 50 MHz. The
uncortainty & the RSS of the ConvF uncenanty &t calibraton fr y #nd e ury ¥ for the indcated frequancy band Frequancy valdty
below 300 MHz & £ 10, 25, 40, sommumso-c«nﬁumuuao 64, 128, 1so-uzzowzmpecm~ Above 5 GHe Feguency
valrdity can bo exianded 15 + 110 MHz

A frequencies below 3 GHE, the vakdity of issue psrameters (£ end o) can ba relsed 1o = 10% if ligued compensaton fonmuta s sppbed to
measured SAR values. Al equencing above 3 GHz, the validity of tissue paramotens (: and o) & restrctad 10 + 5% Tha uncertainty s the RSS of
mw-mmmmmmwmea

“ Alpha/Dapth ure determined dunng calisraticn. SPEAG warmants that the remainsng deviahion due to tha boundary effect afier compensation (s
alvways less than 4 1% for frequencies below 3 GHz and below £ 2% 101 frequencies betwses 3-6 GHz at any dstance larger than half the prote tp
diamaler from the boundary.

Cortificate No: EX3-3044_May17 Page 6 of 11
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Test report no.: 1-5566/17-01-02-A CTC ||| advanced
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EX3DV4- SN:3944 May 12, 2017

Frequency Response of E-Field
(TEM-Cell:ifi110 EXX, Waveguide: R22)
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06+ : 1
05.3,- e L + T B ER R B =
1] 500 1000 1500 2000 2500 3000
f [MHz]
= &
Uncertainty of Frequency Response of E-field: £ 6.3% (k=2)
Certificate No: EX3-3944_ May17 Pago 7 of 11
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EX3DV4- SN.3944 May 12,2017

Receiving Pattern (¢), 9 = 0°

=600 MHz, TEM f=1800 MHz, R22
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Uncertainty of Axial Isotropy Assessment:  0.5% (k=2)
Certificate No: EX3.3944_May17 Pago 8ot 11
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EX3DV4- SN 3548

May 12. 2017

Dynamic Range f(SAReaq)

(TEM cell , fo 5= 1900 MHz)
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not compensated compensated

Uncertainty of Linearity Assessment: £ 0.6% (k=2)

Certificate No: EX3.3944_May17
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EXIDVA- SN-3944 May 12, 2017

Conversion Factor Assessment

f = 900 MHz WGLS RS (H_convF) t= 1750 MH2z WGLS R22 (H_convF)

Deviation from Isotropy in Liquid
Error (¢, 8), f = 900 MHz

Deawvalion
o

Y ’ 3 3
YOO O

10 08 Ve L& 02 00 02 04 2.8 0.6 19
Uncertainty of Spherical Isotropy Assessmant: £ 2.6% (k=2)

Certficate No: EX3-3944_May17 Page 10/ 11
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EX3DV4- SN.3944 May 12, 2017

DASY/EASY - Parameters of Probe: EX3DV4 - SN:3944

Other Probe Parameters
Sensor Arrangement Trangular |
Connector Angle (') . '-'TTi
Mechanical Surface Detection Mode N enabled |
"Optical Surface Detection Mode 5  disabled
Probe Overall Length 337 mm
Probe Body Diameter - 10 mm
Tip Length 9mm |
Twp Diameter 25mm
"Probe Tip to Sensor X Calibration Point 1 mm
Probe Tip to Sensor Y Cafibration Point 1mm
Probe Tip to Sensor Z Calibration Point 1 mm
Recommended Measurement Distance from Surface 1 1.4 mm
Cenficate No: EX3-3944_May17 Page 110t 11
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Calibration report “750 MHz System validation dipole”

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swss Accreditation Service (SAS)
The Swiss Accreditation Service is one of the signatories 1o the EA
Multilateral Agreement for the recognition of calibration certificates

Client CTC advanced GmbH

Schweizerischer Kalibrlerdienst
Service suisse d'¢talonnage
Servizio svizzero di taraturs
Swiss Catibration Service

Accreditation No.: SCS 0108

Certificate No: D750V3-1041_Jan17

CALIBRATION CERTIFICATE

Otyect

Cattration procedureds)

Calitrabon dase

QA CAL-05.v9
Calibration procedure for dipole validation kits above 700 MHz

January 11, 2017

Catbrasion Equpmant used (MATE critical for calibraton)

D750V3 - SN:1041

This calibration certficate documents the traceabity to national standards, which realize the physicat wils of measurements (SI)
The measurements and the uncenainties weh confidence prabatility dre given on the fotlowing pages and are part of the certficate

Al caibraions have beon conductod In the closed laboratory laclity. environment temperature (22 + 3)°C and humidity < 70%

This catbration cantificats shal not be reproduced except in full without wrtten approval of the laboratory

Primary Standards 10 ¥ Cal Dato (Cersficate No ) Scheduded Calibration
Power meter NRP SN 104778 06-Apr-16 (No. 21 7-02288/02289) Aprai?
Power sensee NBP-Z91 SN: 103244 06-Ape-16 (No. 217-02288) Aptt7
Power sensor NRP-291 SN: 103245 06-Ape-16 (No. 217-02288) Aprt?
Reoferance 20 d8 Atenuator SN! 5058 (20«)} 05:A0e-16 (No, 21702262) Aprt7
Type-N mismatch combnaton SN. S047 2 / 06227 05-Ape-186 (No. 217-02295) Apr17
Ralerence Probe EX30V4 SN 7349 3100016 (No. EX3-7348 Deci6) Dac-17
DAE4 SN 801 04-Jan-17 (No. DAE4-601_Jan17) Jan-18
Secondary Standards 10 & Chock Date (n house) Scheduled Chace
Powar meter EPM-442A SN GBI7480704 07-0c1-15 {in housa check Oc2-16) In house check: Oct-18
Power sensor HP Ba1A SN US37292783 07-0ct-15 {in house chack Oct-16) In house check: Oot-18
Power sensor HP B481A SN MY 1082317 07-0ct15 (in house check Dct10) In house check. Oc1-18
AF genarator RAS SMT-06 SN 100872 15-Jun-15 (n house check Oct-16) in house check: Oo1-18
Netwerk Analyzer HP B753E SN: US37300585 18.0c1-01 (in house chack Oct-16) In house check: Oct-17

Name Function Signaturn
Calibrated by Jeton Kastrah Laborstory Techmoan . -\l > L

(&

Approved by Kafla Pokovic Technical Manager

Issued. January 11, 2017

Cantficato No: D750V3-1041_Jan17

Page 1 of 8
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Test report no.: 1-5566/17-01-02-A CTC ||| advanced

member of RWTUV group

Calibration Laboratory of S, S Schweizerischer Kalibrierdienst

Schmid & Partner %’E Sorvice suisse d'étalonnage
Engineering AG -':'/F\" &3 c Servizio svizzero di tarstura

Zeughausstrasse 43, 8004 Zurich, Switzerland '«,,,.ﬁ\\“\? S swiss Calibration Service

Accredited by the Swiss Accredation Service (SAS) Accroditation No.: SCS 0108

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

Muttilateral Ag for the racognition of calibration certificates

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 Following Standards:

a) |IEEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62209-1, *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

c) |EC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz”

Additional Documentation:
e) 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 certificate. All figures stated in the certificate are valid at the frequency indicated.

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

e Feed Point Impedance and Return 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 Return Loss ensures low
reflected power. No uncertainty required.

e Ejectrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncentainty required.

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

« SAR for nominal TSL parameters: The measured TSL parameters are used 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 normal distribution corresponds to a coverage
probability of approximately 95%.

Ceniticate No: D750V3-1041_Jan17 Page20f &
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Test report no.: 1-5566/17-01-02-A

CTC ||| advanced
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Measurement Conditions

DASY system configuration, as lar as not given on page 1.
DASY Version DASYS V52.8.8
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 750 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 419 0.8% mha/m
Measured Head TSL parameters (220+02)°C A1626% 0.89 mha/m + 6 %
Head TSL temperature change during test <05°C e -
SAR result with Head TSL
SAR averaged over 1 em’ {1 g) of Head TSL Condition
SAH measured 250 mW input power 2.09 Wikg
SAR for nominal Head TSL parameters normalized to 1W 8.35 Wikg + 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Head TSL condition
SAR measured 250 mW input power 1.36 Wikg
SAR for nominal Head TSL parameters normalized to 1W 5.43 Wikg = 16.5 % (k=2)

Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 22.0°C 55.5 0.96 mha/m
Measured Body TSL parameters (220+02)°C 542+6% 0.96 mhoim = 6 %
Body TSL temperature change during test <05°C — —
SAR result with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Conditicn
SAR measured 250 mW input power 220 Wikg
SAR for nominal Body TSL parameters normalized to 1W 8.75 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 1.44 Wikg
SAR for nominal Body TSL parameters normalized 1o 1W 5.74 Wikg = 16.5 % (k=2)

Certificate No. D750V3-1041_Jan17

Page3ot 8§
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transiormed to feed point 5530Q-1612
Heturn Loss -256d8

Antenna Parameters with Body TSL

Impedance, franstormed 10 feed point 5010Q-55)0Q
Return Loss -252dB

General Antenna Parameters and Design

| Esectrical Delay (ane direction) 1.034 ns

After long term use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measurad.

The dipole is made of standard semirigid coaxial cable. The center conducior of the feeding line is directly connected to the
second arm of the dipole. The antenna s therefore shont-circuited for DC-signals. On some of the dipoles, small end caps
are added 1o the dipole arms in order 10 improve matching when loaded according 10 the position as explained In the
"Measurement Conditions” paragraph. The SAR data are not alfected by this change. The cverall dipale jength s still
according to the Standard.

No excessive force must be apphed to the dipole arms, because they might bend or the soidered connections near the
feedpoint may be damaged.,

Additional EUT Data
Manufactured by SPEAG
Manufactured on July 28, 2011
Cenificate No: D750V3-1041_Jan17 Pagedois
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DASY5 Validation Report for Head TSL

Date: 11.01.2017

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 750 MHz; Type: D750V 3: Serial: D750V3 - SN: 1041

Communication System: UID 0 - CW; Frequency: 750 MHz

Medium parameters used: f = 750 MHz; 6 = 0.89 S/m: &, = 41.6: p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:

Probe; EX3DV4 - SN7349; ConvF(10.17, 10.17, 10.17); Calibrated: 31.12.2016.
Sensor-Surface: | 4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601: Calibrated: 04.01.2017

Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Serial: 1001

DASY52 52.8.8(1258): SEMCAD X 14.6.10(7372)

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

Reference Value = 59,10 V/m; Power Drift =-0.01 dB

Peak SAR (extrapolated) = 3.19 W/kg

SAR(I g) = 2.09 W/kg; SAR(10 g) = 1.36 W/kg

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

-4.00
-6.00
-8.00

-10.00

0dB =281 Wikg =4.49 dBW/kg

Cenficate No: D750V3-1041_Jan17 Page 5ol B
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Impedance Measurement Plot for Head TSL

11 Jan 2017 10:04:37
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Antenna Parameters with Head TSL

From cal. data

Measured 2017-02-22

Impedance; transformed to feed
point

55.3Q -1.6jQ

55.7Q -1.2jQ

Return Loss

-25.6dB

-25.3dB

Page 31 of 82
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DASY5 Validation Report for Body TSL

Date: 10.01.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 750 MHz: Type: D750V 3; Serial: D750V3 - SN: 1041

Communication System: UID 0 - CW; Frequency: 750 MHz

Medium parameters used: f = 750 MHz; o = 0,96 S/m; &, = 54.2; p = 1000 kglnf
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
« Probe: EX3DV4 - SN7349; ConvF(9.99, 9.99, 9.99); Calibrated: 31.12.2016;
« Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 04.01.2017
« Phamom: Flat Phantom 4.9 (Back); Type: QD 00R P49 AA; Serial: 10035

o DASY5252.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 58.15 Vim; Power Drift = -0.03 dB

Peak SAR (extrapolated) = 3,35 W/kg

SAR(1 g) = 2.2 W/kg: SAR(10 g) = 1.44 W/kg

Maximum value of SAR (measured) = 2.94 W/kg

0 dB = 2.94 Wikg = 4.68 dBW/kg

Certificate No: D750V3-1041_Jan17 Page 7ot 8
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Impedance Measurement Plot for Body TSL

18 Jan 2017 10:24:33
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Antenna Parameters with Body TSL

From cal. data

Measured 2017-02-22

Impedance; transformed to feed
point

50.1Q -5.5jQ

50.7Q -5.6jQ

Return Loss

-25.2dB

-25.0dB
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Calibration report “835 MHz System validation dipole”

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zoughausstrasse 43, 8004 Zurich, Switzertand

Accredted by the Swiss Accradifation Service (SAS)
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Tho Swiss Accreditation Service is one of the signatories 1o the EA

Schwelzerischer Kalibrierdienst
Service suisse d étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.: SCS 0108

Multilatoral Ag t for the recognition of calibration certificates
client ~ CTC advanced GmbH Certificate No: DB835V2-4d153_May17
CALIBRATION CERTIFICATE
Object D835V2 - SN:4d153
Catbration procedurs(s) QA CAL-05.v8
Calibration procedure for dipole validation kits above 700 MHz
Calibration dato May 11,2017

Calibeation Equipment used (MSTE criscal for calibeation)

This castrasion cenficate documents the traceatiity to national standards, which reatze the physical uns of measuraments (SI)
The measurements and the uncananties with contidence probability are given on the followng pages and a0 part of the certificate.

ANl calibrasions have baan conducted in the closed leboratory tacility: envitonment temperature (22 = 3)'C and humidity < 70%.

This calbration cerificate shall not be reproduced except in full without wntton appraval of the laboratory

Primary Standards lD* Cal Date (Centificate No.| Schedued Calibration
Power meter NRP 1SN 104778 O4-Ape-17 (N0, 217-02521/02522) Apt-18

| Power sensor NRP-Z91 SN. 103244 D4-Apr-17 (No, 217-02521) Apr18d
Power sensor NRP-Z#1 SN 103245 04-Apr-17 (No. 217-02522) Ape18
Raference 20 di Atenuator SN: 5058 (20%) 07-Apr-17 (No, 217-02528) Age-18
Type-N mismatch combination SN: 5047.2 / 08327 07-Ape17 (No. 217-02528) Ape-18
Reterence Prove EXIDVA SN 7349 31-Dec-16 (No. EX3.7340_Dec16) Doc-17
DAE4 SN &0 26-Mar-17 (No. DAES-60Y Mar17) Mar-18
Sacondary Standards o Check Date {in house] Scheduled Chack
Power moter EPM-342A | SN: GB37480704 07-Qct-15 (in house check OCL-16) In house check: Oct-18
Power sensor HP B481A SN: US37292783 07-Cct-15 {in house chack Oct-16) In nowse check: Oct-14
Power sansor HP B481A SN MY41032317 07-0ct-15 (in bouse check Oct-16) In house check: Oct-18
AF generator RAS SMT-06 SN 100972 15~Jun-15 (in house check Oct-16) In house check: Oct-18
Network Analyzor HP B753E SN: US37300588 18-0¢t-01 (in house chack Dct-16) In house check: Oct-17

Name Function Signature
Calibrated by Johannes Kunkks Laboratory Technican 3
//-"’ ln—

Approved by Katja Pokovic Technical Manager

R

Issued: May 11, 2017

Certificate No: D835V2-4d153_May17
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Calibration Laboratory of Ny Schweizerischer Kalibrierdienst

i SN

Schmid & Partner % 2 Service sulsse d'étalonnage
Engineering AG S Servizio svizzero di taratura

Zeughausstrasse 43, 8004 Zurich, Switzertand "’-v.ﬁ.w“" S Swiss Calibration Service

Accredited by the Swiss Acoreditation Sanwce (SAS) Accreditation No.: SCS 0108

mmmncmwami-muuﬁgmwmu
Multilateral Agreement for the recognition of calibration certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM x,y,2
N/A not applicable or not measured

Calibration is Performed According to the Following Standards:

a) IEEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62209-1, "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

¢) IEC 62209-2, *Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHZ"

Additional Documentation:
e) 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 certificate. All figures stated in the certificate are valid at the frequency indicated.

e Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

« Feed Point Impedance and Return 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 Return Loss ensures low
reflected power. No uncertainty required.

« Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

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

« SAR for nominal TSL parameters: The measured TSL parameters are used 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 normal distribution corresponds to a coverage
probability of approximately 95%.

Certificate No: DB35V2:4d153_May17 Page 20l 8
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Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS V52.10.0
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 835 MHz £ 1 MHz
Head TSL parameters
The foliowing paramaters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 .90 mha/m
Measured Head TSL parameters (220+02)'C A8+£6% 0.94 mho/m £ 6%
Head TSL temperature change during test <05°C e e
SAR result with Head TSL
SAR averaged over 1 cm?® (1 g) of Head TSL Condition
SAR measured 250 mW input power 2.41 Wikg
SAR for nominal Head TSL parameters rormalized to 1W 9.30 W/ikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input power 1.56 Wikg
SAR for nominal Head TSL parameters normalized to 1W 6.07 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Norminal Body TSL parameters 220°C 55.2 0.87 mho/m
Measured Body TSL parameters (220:+02)°C 552+6% 0.99 mho/rm £ 6 %
Body TSL temperature change during test <05°C - —
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 242 Wikg
SAR for nominal Body TSL parameters normalized to 1W 9.53 Wikg + 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Body TSL condition
SAR measured 250 mW nput power 1.58 Wikg
SAR for nominal Body TSL paramete:s normalized to 1W 6.28 W/kg = 16.5 % (k=2)
Cenificate No: D835V2-4d153_May17 Page 30l 8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 5110-350
Retum Loss -28.94d8

Antenna Parameters with Body TSL

Impedance. transformed to feed point 5000-45Q
Retum Loss -270dB

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1.435 ns |

After long term use with 100W radiated power, only a shght warming of the dipole near the feedpoint can be measured.

The dipoie is made of standard semirigic coaxial cable. The canter conductor of the feeding line is diractly connected to the
second arm of the dipole. The amenna is therefore short-circuited lor DC-signals. On some of the dipoles, small end caps
are added fo the dipole arms in order 1o improve maiching when loaded according 1o the position as explained in the
“Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still
according 10 the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged

Additional EUT Data

Manutactured by SPEAG
Manufactured on December 28, 2012
Cenificate No: DB35V2-4d153_May17 Page 4ol B8
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DASYS5 Validation Report for Head TSL

Date: 11.05.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz: Type: D835V2: Serial: D83SV2 - SN:4d 153

Communication System: UID 0 - CW: Frequency: 835 MHz

Medium parameters used: £ =835 MHz; o = 0.94 S/m; & = 40.8; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(9.72, 9.72, 9.72); Calibrated; 31.12.2016;
« Sensor-Surface: |.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601: Calibrated: 28.03.2017
o Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA: Serial: 1001

o DASY5252.10.0(1444); SEMCAD X 14.6.10(7416)

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

Reference Value = 62.03 V/m; Power Drift = -0.00 dB

Peak SAR (extrapolated) = 3.60 W/kg

SAR(] g) = 2.41 W/kg; SAR(10 g) = 1.56 W/kg

Maximum value of SAR (measured) = 3.23 W/kg

-2.20
-4.40
-6.60
-8.80

-11.00

0 dB = 3.23 Wikg = 5.09 dBW/kg

Certificate No: DB35V2-4d153_May17 PageSol8
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DASYS5 Validation Report for Body TSL

Date: 11.05.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d 153

Communication System: UID 0 - CW; Frequency: 835 MHz
Medium parameters used: f = 835 MHz: o = 0.99 S/m; & = 55.2: p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)
DASY352 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(9.73. 9.73. 9.73); Calibrated: 31.12.2016:
e Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
¢ Electronics: DAE4 Sn601: Calibrated: 28.03.2017
« Phantom: Flat Phantom 4.9 (Back); Type: QD 00R P49 AA: Serial: 1005

o DASY5252.10.01444): SEMCAD X 14.6.10(7416)
Dipole Calibration for Body Tissue/Pin=250 mW, d=15mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=5mm, dy=5mm, dz=5mm
Reference Vilue = 60.07 V/m; Power Dnft = -0.04 dB
Peak SAR (extrapolated) = 3.55 W/kg

SAR(] g) = 2.42 W/kg; SAR(10 g) = 1.59 W/kg
Maximum value of SAR (measured) = 3.16 W/kg

-2.20
-4.40
-6.60

-8.80

-11.00

0 dB =3.16 W/kg = 5.00 dBW/kg

Certificato No: D835V2-4d153_May17 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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6  Calibration report “1750 MHz System validation dipole”

Calibration Laboratory of S, Schweizerischer Kalibrierdienst
Schmid & Partner — 8 chie::uilu d'étalonnage
Engineering AG % C gervizio svimero taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland £ ,ﬁ ' S Swiss Calibeation Service
Accradied by the Swss Accreditation Service (SAS) Accreditation No.: SCS 0108
mw-smmmlswoumumwmu

Multilateral Ag for tho rocognition of calibration certificates

Client Cetecom Centificate No: D1750V2-1093_May15
CALIBRATION CERTIFICATE

Obyect D1750V2 - SN: 1093

Callbration procedura(s) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

| Callbration date May 13, 2015

This calieation cartificate cocuments the Traceanity to natianal standards, which realize the physical units of measurements (S1),
The meast s and the Wes wih confidence probabiity ase given on the lollowing pages and are pan of the certificale

All caliteations have been condacted in the closed laboestory facdily: environment temperature (22 » 3)°C and humidity < 20%.

Calbraton Equipment used (MATE critical for calibration)

Primary Standards {ID¥ Cal Date (Cortficate No.j Scheduled Calibration
Powsr mater EPM-842A GB37480704 07-Oct-14 (No. 217-02020) Oct-15

Power sensot HP B481A US37292783 07-Oct-14 {No. 217-02020) Oct-15

Power sensor HP 8481A MYA1002317 07-0ct-14 (No, 217-02021) Oct-15

fat 20 6B A SN: 5058 {20%) O1-Apr-15 (No. 217-02131) Mar-16

Type-N mismaich combination SN: 5047 .2/ 068327 01-Apr-15 (No. 217-02134) Mar-16

Reterence Probe ES30V3 SN: 3205 30-Doc-14 (No. ES3-3208_Dect4) Doc-15

DAE4 SN: 601 18-Aug-14 (No. DAE4.601_Augtd) Aug-15

Secondary Standards |Dv Check Date (in house) Scheauled Chack

RAF ganerator RES SMT-06 | 100008 04-Aug-29 (in house chock Oct13) In house chack: Oct-16
Network Analyzer HP 8753E | US37300585 S4206  18-Oct-01 {in house check OGt-14) In house check: Oct-15

Nama Function

Signature
Caltyrated by: Michael Waber Laboratory Techniclan l%_
e
Approved by Katja Pokovic Technical Manager /'//(/%{,

Issued: May 13. 2015
This calibration certificate shall hot ba reproduced except in full without witten approval of the laboratary |

Certificate No: D1750V2-1093_May15 Page 1of 8
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Callbl.'atlon Laboratory of {.@\2“2}" ,""'/:,' S Schweizerischer Kalibrierdienst
Schmid & Partner e ¢ Service suisse détalonnage
Engineering AG B Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland 7N S Swiss Calibration Service
Accredited by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Muitilateral Agreement for the recognition of callbration certificates

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 Following Standards:

a) IEEE Std 1528-2013, *IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62209-1, "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

¢) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

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 certificate. All figures stated in the certificate are valid at the frequency indicated.

* Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the fiat phantom section, with the arms oriented
parallel to the body axis.

* Feed Point Impedance and Return 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 Return Loss ensures low
reflected power. No uncertainty required.

» Electrical Delay: One-way delay between the SMA connector and the antenna feed point,
No uncertainty required.

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

» SAR for nominal TSL parameters: The measured TSL parameters are used to calculate the
nominal SAR resuit.

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

Cenilicate No: D1750V2-1093_May15 Page 2ot 8
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Measurement Conditions
DASY system confiquration, as far as not given on page 1.
DASY Version DASYS5 V5288
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, ¢z =5 mm
Frequency 1750 MHz £ 1 MHz
Head TSL parameters
Tha following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 40.1 1.37 mho/m
Measured Head TSL parameters (220202)C 390+6% 1.57 mhoim £ 6 %
Head TSL temperature change during test <05°C e e
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW Input power 9.37 Wikg
SAR for nominal Head TSL parameters normalized 10 1W 37.2 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 250 mW input powaer 4.99 Wikg
SAR tor nominal Hoad TSL parameters normalized 10 1W 19.9 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculafions were - applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 534 1.49 mho/m
Measured Body TSL parameters (220202)"C 515+6% 149 mho/m « 6 %
Body TSL temperature change during test <05°C o —
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 9.45 Wikg
SAR for nominal Body TSL parameters normalized to 1W 37.5 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 5.08 Wikg
SAR for nominal Bedy TSL parameters nomalized to 1W 20.3 Wikg + 16.5 % (k=2)

Centificate No: D1750V2-1083_May15
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transtormed to feed poirt 4960Q-0302
Relurn Loss -46.8 dB

Antenna Parameters with Body TSL

impedance, transformed to feed point 4580-040
Return Loss -272d8B

General Antenna Parameters and Design

[ Electrical Delay (one direction) l 1213ns ‘]

After fong 1erm use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured.

The dipole is made of standard semirigid coaxial cabla. The center conduclor of the feeding line is directly connected 1o the
second arm of the dipole. The antenna is therefore shor-circuited for DC-signals. On some of the dipoles, small end caps
are added to the dipole arms in order 10 improve matching when loadad according to the position as explained in the
“Measurement Conditions® paragraph. The SAR data are not affected oy this change. The overall dipole length is still
according to the Standard.

No excessive force must be applied to the dipole arms, becauss thay might bond or the soldered connections near the
feadpoint may be damaged

Additional EUT Data

Manufactured by SPEAG
Manufactured on November 07, 2012
Certificate No: D1750V2-1083_May15 Page40f 8
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DASYS5 Validation Report for Head TSL

Date: 13.05.2015
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN: 1093

Communication System: UID 0 - CW; Frequency: 1750 MHz

Medium parameters used: f= 1750 MHz, o = 1,37 S/m; ¢, = 39: p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASY52 Configuration:
+ Probe: ES3DV3 - SN3205: ConvF(5.2, 5.2. 5.2): Calibrated: 30.12.2014:
*  Sensor-Surfice: 3mm (Mechanical Surface Detection)
»  Electronics: DAE4 Sn601; Calibrated: 18.08.2014
« Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001
» DASY52 52.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 96.43 V/m; Power Drift = 0,01 dB

Peak SAR (extrapolated) = 16.8 W/kg

SAR(I g) = 9.37 W/kg: SAR(10 g) = 4,99 W/kg

Maximum vilue of SAR (measured) = 11.9 Wikg

dB
0

-3.60
-7.20
-10.80

-14.40

0dB =119 Wikg = 10.76 dBBW/kg

Cenficate No; D1750V2-1093_May15 PageSof8
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Impedance Measurement Plot for Head TSL

13 NMay 2019 09:33:09
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Antenna Parameters with Head TSL

From cal. data

Measured 2016-06-02

Impedance; transformed to feed
point

49.6Q -0.3jQ

49.3Q -0.6jQ

Return Loss

-46.8dB

-40.7dB
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Antenna Parameters with Head TSL

From cal. data

Measured 2017-09-29

Impedance; transformed to feed
point

49.6Q -0.3jQ

49.4Q +0.5)Q

Return Loss

-46.8dB

-42.0dB
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DASYS5 Validation Report for Body TSL

Date: 13.05.2015
Test Laboratory: SPEAG. Zurich, Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: DI750V2 - SN: 1093

Communication System: UID 0 - CW; Frequency: 1750 MHz

Medium parameters used: f= 1750 MHz; 6 = 1.49 Sim; & = 51.5; p = 1000 kg/m"
Phantom section; Flat Section

Measurement Standard: DASYS (IEEENEC/ANSI C63.19-2011)

DASYS52 Configuration:
» Probe; ES3DV3 - SN3205; ConvF(4.88, 4.88. 4.88); Calibrated: 30.12.2014:
¢ Sensor-Surface: 3mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 18.08.2014
»  Phantom: Flat Phantom 5.0 (back); Type: QDOOOPSOAA; Serial: 1002
« DASYS252.8.8(1222); SEMCAD X 14.6.10(7331)

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

Reference Value = 93.08 V/m; Power Drift = -0.01 dB

Peak SAR (extrapolated) = 16.2 Wikg

SAR(I 2) = 9.46 W/kg; SAR(10 g) = 5.09 W/kg

Maximum value of SAR (measured) = 11.9 Wikg

dB

-3.60
-7.20
-10.80
-14.40

-18.00

0dB =119 Wkg = 10.76 dBW/kg

Certificate No: D1750V2-1083_May15 Page 7ol B
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Impedance Measurement Plot for Body TSL

13 May 2045 09152132

CHI 11 1 u Fs 145828 0 37205 ma M4RTIeF 1 TS.000 898 Muz
.
Del
Ca e Y
- ¥ao 1
1{
\ ’
wa \-
16
Wi
CH2 $11  LOG 5 dB/REF 20 @ ) LU~27478 dB 3 750,090 000 MMz
4 4 i 4 \ i i 3 $
o1 & i 4 i i 4 ) i } |
= - //"""-'
e 4 3 4 I H /—. 4 )
~ - |
\\ / —ed
u | } ! ! \t/ 4 { i } |
'L';s 3 + . . 4+ . . . . +
: i i ! , 4 : : 4
e i 4 ! i 4 : | A )
START 1 552.000 008 Miz ST0P 1 350,000 090 MMz
Centificate No: D1750V2-1093_May15 PageBof B

Page 52 of 82




Test report no.: 1-5566/17-01-02-A

CTC ||| advanced

member of RWTUV group

Antenna Parameters with Body TSL

From cal. data

Measured 2016-06-02

Impedance; transformed to feed
point

45.8Q -0.4jQ

49.1Q -3.9iQ

Return Loss

-27.2dB

-27.9dB
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Antenna Parameters with Body TSL

From cal. data

Measured 2017-06-29

Impedance; transformed to feed
point

45.8Q -0.4jQ

46.9Q +3.1jQ

Return Loss

-27.2dB

-27.0dB
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7  Calibration report “1900 MHz System validation dipole”

Calibration Laboratory of S, Schwelzerischer Kalibrieedionst
Schmid & Partner SN = Service :uiu. ;'ﬁalonmgo

Engineering AG % Servizio svizzero di taratura
Zoughausstrasse 43, B004 Zurich, Switzerland % ,,ﬁ‘\‘,\? Swiss Calibration Service
Accradited by the Swiss Accraditation Service (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 1o the EA
WIWdWMMWMdumm
cient  CTC advanced GmbH Certificate No: D1900V2-5d009_May17
CALIBRATION CERTIFICATE

e =

Oject D1900V2 - SN:5d009
Calibration procedure(s) QA CAL-05.v9

Calibration procedure for dipole validation kits above 700 MHz

Calitration date May 10, 2017

This calbration cenificate documants the Iraceabaty 10 national standards, which realizo the physical unes of measurements (S
The measwements and the unceranses weh confiderca probabiity are given on the following peges and are part of the canticate

Al calibeations have been conducted In the closed laboratory facility: amironment temperatire {22 £ 3)°C and humidity < 70%.

Calieation Equpment used (MATE critieal for calbrason)

Primary Standands 1D # Ca Date (Cenificate No.) Scheduled Calibraton
Power meter NAP SN 104778 O4-Apr-17 (No. 217-02521/02522) Apr-18
Power sensor NRP-291 SN: 103244 O4-Apr-17 (No, 217-02521) Apr-18
Power sensor NRP.291 SN: 103245 D4-Apr-17 (No. 217-02422) Apr18
Reterance 20 dB Attanuator SN: 5058 (20%) 07-Ape-17 (No. 217.02528) Apr18
Type-N msmatch combination SN 50472/ 06327 07-Ape-17 (No. 217-02529) Apr-18
Reforance Probe EX30V4 SN 7349 31-Dec-16 (No. EX3.7340_Dect8) Dec-17 |
DAE4 SN 601 28-Mar17 (No. DAE4-601_Mart7) Mar-18 |
Secondary Standards 1D # Check Date (in house) Schad, Chock
Power meter EPM.4424 SN. GB37480704 07-0ct-15 (In house check Oct-16) In house check: Oct-18
Power sensor HP B481A SN US372682783 07-0c1-15 (in house check Oct-16) in house check: Oct-18
Power sensor HP 8481A SN MY41002317 07-0ct-15 (n house chock Oct-16) In house check: Oct-18
RF genersior AAS SMT-06 SN 100672 15-Jun-15 (in house check Oct-18) In house check: Oct-18
Network Analyzer HP 8753F | SN US37500585 16-0c1-01 {in house cheok Oc1-16) In house chack: Oct-17
Name Function Signature

Caiibeatod by: Leif Kiysnes Laboratory Technician .ﬁ/ 7;
Approved by Katja Pokovic Techrcal Manager % %f
v

| lssued: May 12, 2017
This calibation certificate shall not be praduced axcept in full without witien approval of the laboratory,

Centificate No: D1800V2-5d009_May17 Page 1 of 8
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Calibration Laboratory of P,

: DA% Schwelzerischer Kalibriords
Schmid & Partner % (S: Service suisse d'étalonnage
Engineeﬁng AG % /R 3 Servizio svizzero di taraturs
Zoughausstrasse 43, 8004 Zurich, Switzertand {v,,,?-_\?\“\? S swiss Caliteation Service
el
Accrecited by the Swiss Accrocdiation Service (SAS) Accreditation No.: SCS 0108

mmmmlmmuumummmmmmu
Multitateral Agreament for the recognition of calibration certificates

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 Following Standards:
a) |EEE Std 1528-2013, "IEEE Recommended Practice for Determining the Peak Spatial-

Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 62209-1, "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

¢) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless

communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
e) 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 certificate. All figures stated in the certificate are valid at the frequency indicated.
Antenna Parameters with TSL: The dipole is mounted with the spacer o position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

Feed Point Impedance and Return 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 Retumn Loss ensures low
reflected power. No uncertainty required.

Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

SAR measured: SAR measured at the stated antenna input power,

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

SAR for nominal TSL parameters: The measured TSL parameters are used 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 normal distribution corresponds to a coverage
probability of approximately 95%.

Centificate No: D1900V2-5d009_May17 Page 20t 8
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Measurement Conditions
DASY system configuration. as far as not glven on page 1
DASY Version DASYS V52.10.0
Extrapolation Advanced Extrapotation
Phantom Medutar Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1900 MMz + 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 400 1.40 mhoim
Measured Head TSL parameters (220+£02)°C 41326% 1.40 mho/m =6 %
Head TSL temperature change during test <05°C — —
SAR result with Head TSL
SAR averaged over 1 cm? {1 g) of Head TSL Condition
SAR measuraed 250 mW input power 9.74 Wikg
SAR for nominal Head TSL parameters normalized to 1W 39.2 Wikg £ 17.0 % (k=2)
SAR averaged over 10 em® (10 g) of Head TSL condition
SAR measured 250 mW input power 514 Wikg
SAR for nominal Head TSL parameters normalized to 1W 20.7 W/kg = 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were apphed.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 53.3 1.52 mho/m
Measured Body TSL parameters (22.0+02)°C 532 +6% 1.5t mho'm +6 %
Body TSL temperature change during test <05°C - e
SAR result with Body TSL
SAR averaged over 1 cm” (1 g) of Body TSL Condition
SAR measurea 250 mW input power 101 Wika
SAR tor nominal Body TSL parameters normalized to 1W 40.7 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 5,36 Wikg
SAR for nominal Body TSL parameters normakzed to 1W 21.5 Wikg = 16.5 % (k=2)
Centificate No: D1900V2-50009_May17 Page3ot8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance. transformed 1o fead point 5120+261Q
Return Loss ~30.9dB

Antenna Parameters with Body TSL

Impodance, transformed to feed point 46.1Q4+32102
Return Loss -25608

General Antenna Parameters and Design

| Electrical Delay {one direction) | 1.188 ns |

Alter long tarm use with 100W radiated power, only a slight warming of the dipole near the feedpoint can be measured

The dipole is made of standard semirigid coaxial cable. The centes conductor of the feading line ts directly connected 1o the
second arm of the dipole. The antenna is therefore shor-circuited for DC-signals. On soma of the dipoles, small end caps
are added 10 the dipole amms in order 1o improve maltching when lcaded according to the position as oxplained in the
"Measurement Conditions” paragraph. The SAR data are not alfected by this change. The overall dipole length s stil
according to the Standard.

No excessive force must be applied to the dipole arms, because they might bend or the soldered connections near the
feedpoint may be darmaged.

Additional EUT Data
Manutactured by SPEAG
Manutactured on February 22, 2002
Certificate No: D1800V2-54008_May17 Page 4ol B
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DASYS5 Validation Report for Head TSL

Date: 10.05.2017
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:3d009

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

Medium parameters used: = 1900 MHz; 6 = 1.4 S/m; e, =41.3; p= 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
o Probe: EX3DV4 - SN7349: ConvF(8.12, 8.12, 8.12); Calibrated: 31.12.2016:
o Sensor-Surface: | . 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601: Calibrated: 28.03.2017
*  Phantom: Flat Phantom 5.0 (front); Type: QDOOOPSOAA; Serial: 1001

» DASYS252.10.0(1444); SEMCAD X 14.6.10(7416)

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

Reference Value = 105.9 V/m; Power Drift =-0.06 dB

Peak SAR (extrapolated) = 17.8 Wikg

SAR(1 g) = 9.74 W/kg; SAR(10 g) = 5.14 W/kg

Maximum value of SAR (measured) = 14.6 Wrkg

-3.60
-1.20
-10.80
-14.40

-18.00

0dB = 14.6 W/kg = 11.64 dBW/kg

Centificate No: D1900V2-5d009_May17 Page 50f 8
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Impedance Measurement Plot for Head TSL
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DASYS5 Validation Report for Body TSL

Date: 10.05.2017

Test Laboratory: SPEAG, Zurich, Switzeriand
DUT: Dipole 1900 MHz; Type: D1900V2; Serial: D1900V2 - SN:5d009

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

Medium parameters used: = 1900 MHz; 6 = 1.51 S/m: ¢, = 54.2: p= 1000 kg/m*
Phantom section: Flat Section

Measurement Standard: DASY S (IEEE/IEC/ANSI C63.19-201 1)

DASYS52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(8.03, 8.03, 8.03); Calibrated: 31.12 2016;
* Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 28.03.2017
* Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA: Serial: 1002

e DASY5252.10.0(1444); SEMCAD X 14.6.10(7416)

Dipole Calibration for Body Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:

Measurement grid: dx=5mm, dy=Smm, dz=5mm
Reference Value = 102.6 V/im; Power Drift = -0.07 dB
Peak SAR (extrapolated) = 17.8 W/kg

SAR(1 g) = 10.1 W/kg: SAR(10 g) = 5.36 W/kg
Maximum value of SAR (measured) = 14.6 Wikg

-3.40
-6.80
-10.20
-13.60

-17.00

0dB =146 Wkg = 11.64 dBW/kg

Certificate No: D1900V2-5d009_May17 Page 7o 8
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Impedance Measurement Plot for Body TSL

19 May 2017 q@:13:02

ERI s24 1 U rs 11468330 324410 270.75pM 1 900,000 000 MHz
.
Del
\
Ca LA \
’ - “‘..J
L)
/
o ;
167
Hig
CH2 Si3  Lo6 3 B/ REF -20 o8 E F=25.993 98 1 509,000 006 Mxz
+ + " < ¢ " + ‘ + + !
- + + - - —_ - - — - - 4
Tt . — - - . + +
Ca !
’ + - - —— - . -
N e P
- > — . —— . —— . - - 4
:‘és - . . . . - - - . — - )
—— - —_——— - - - - - -
"ld - “ - - - - - —— . S
START 1 700,000 000 Wiz ST0F 2 180.000 900 Mz
Certificate No: D1900V2-53009_May17 Pagedof 8

Page 62 of 82




Test report no.: 1-5566/17-01-02-A CTC ||| advanced

member of RWTUV group

8  Calibration report “2450 MHz System validation dipole”

Calibration Laboratory of S, Schwerzerischar Kalibriardinst
Schmid & Partner S="~ 8 Sorvice suisse d'éalonnage

Engineering AG % C servisio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerland ‘-/,,‘,‘ﬁ;.\? S swiss Calibration Service
Accrodited by iha Swiss Accreditation Senvice (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories 1o the EA
Multilateral Agreement for the recognition of calibration certificates
cient  Cetecom Certificate No: D2450V2-710_Aug16
[CALIBRATION CERTIFICATE

=S

Otyect D2450V2 - SN:710

: Catbration procadureds) QA CAL-05v9

Calibration procedure for dipole validation kits above 700 MHz

Calbrayon date August 15, 2016

This calbration certificate documents the lraceabiity 10 national standards, which realize the physical units of measuroments (St}
Tha M8 and the uncer with confs P y are gven on the foliowing pages and are pant of the cenificate.

Al calibrations hava boen conductad in the closed laboratory faciky: environment temperatune (22 = 3)°C and humidity < 70%

Calbraton Equipment used (MATE critical for cailteation)

Primary Standards D« Cal Date (Certiticate No.) Scheauted Calbeation
Power metar NRP SN 104778 DE-Apr-16 (No. 217.02288'02289) Apra?
Power sensor NRBP.Z91 SN 100244 06-Apr-16 (No, 217-02288) ApraT
Power sensor NAP-291 SN 103245 06-Apr-16 (No. 217-0228%) Apr-17
Ratorence 20 AB Attenuator SN 5068 (20%) 05-Ape-16 (No. 217-02202) Apt-17
Type-N mismatch combination SN S047 .2/ 08327 05-Apr-16 (No, 217-02295) Ape-17
Reference Probe EX30VA SN 7349 15-Jun-18 (No. EX3-7349 Jun1§) Jun-17
DAE4 SN: 601 30-Dec-15 (No, DAE4-001_Dec15) Dec-16
Secondary Standards D Chock Date (in house) Scheduled Check
Power meter EPN-442A SN GB37480704 07-0c¢t-15 (No, 217-02222) In housa chack: Oct-16
Power sengor HP B481A SN: US37292783 07-0ct-15 (No. 217.02222) In house check: Oc1-16
Power sensor HP B481A SN MY41092317 07-Oct-15 (No. 217-02223) In house chack: Oct-16
RAF generalr RES SMY-06 SN 100872 15-Jun-15 (In house check Jun-15) In house chock: Oct-16
Network Analyzar HP 8753F SN' US37390685 18-Oct-01 fin house check Oct-15) In house check: Oct-16
Name Funetion Signature
Calibrated by: Michael Weber Laboratory Technician /%
Approved by Katja Pokone Technical Managor 7 e
e %//( -
e

185000 August 22, 2016

This calbration cediticate shall not be reproduced axcept in full without wrien approval of the laboratory

Cemficate No: D2450V2-710_Aug16 Pago 10i8

Page 63 of 82



Test report no.: 1-5566/17-01-02-A CTC ||| advanced

member of RWTUV group

Calibration Laboratory of S, S Schwelzerischer Kalibrierdenst
Schmid & Partner %ﬁ C  Servics suisse d etalonnage
Engineering AG s Servizio svizzero di taratura
Zeughsusstrasse 43, 8004 Zurich, Switzerland % ,'ﬁ‘\_\\? S Swiss Calibration Service
Accredted by the Swiss Accredaation Sorvico (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service Is one of the signatories to the EA
Multilateral Agresmant for the recognition of calibration cortificates

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 Following Standards:

a) |EEE Std 1528-2013, “IEEE Recommended Practice for Determining the Peak Spatial-
Averaged Specific Absorption Rate (SAR) in the Human Head from Wireless
Communications Devices: Measurement Techniques”, June 2013

b) IEC 622038-1, "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

c) IEC 62209-2, "Procedure to determine the Specific Absorption Rate (SAR) for wireless
communication devices used in close proximity to the human body (frequency range of 30
MHz to 6 GHz)", March 2010

d) KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Additional Documentation:
e) 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 certificate. All figures stated in the certificate are valid at the frequency indicated.

e Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
point exactly below the center marking of the flat phantom section, with the arms oriented
parallel to the body axis.

* Feed Point 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 Return Loss ensures low
reflected power. No uncertainty required,

* Electrical Delay: One-way delay between the SMA connector and the antenna feed point.
No uncertainty required.

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

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

» SAR for nominal TSL parameters: The measured TSL parameters are used 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 normal distribution corresponds to a coverage
probability of approximately 95%.

Certificate No: D2450V2-710_Aug16 Page 20l B
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Measurement Conditions

DASY systemn configuration. as far as not given on page 1.
DASY Version DASYS V5288
Extrapolation Advanced Extrapolation
Phantom Modular Fiat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.2 1.80 mho/m
Measured Head TSL parameters (220+02)"C 38226% 1.88 mho'm £ 6 %
Head TSL temperature change during test <05°C - s
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 13.5 Wikg
SAR for nominal Head TSL parameters nomalized to 1W 52.6 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAH measured 250 mW input power 6.30 Wikg
SAR for nominal Head TSL paramaters normalized to 1W 24.8 Wikg = 16.5 % (k=2)
Body TSL parameters
The following parameters and caiculations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 52.7 1,95 mho/m
Measured Body TSL parameters (22.0202)°C 520+6% 2.04 mho/im £ 6 %
Body TSL temperature change during test <05°C s -
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAH measured 250 mW mput power 13.1 Wikg
SAR for nominal Body TSL paramelers normakized 1o 1W 51.1 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Body TSL condition
SAR measured 250 mW input power 6.13 Wikg
SAR for nominal Body TSL parameters nomahzed 1o 1W 242 Wikg = 16.5 % (k=2)

Certificate No: D2450V2-710_Aug16
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point 519Q+26MQ
Heturn Loss -30.0d8

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4820+31 0
Return Loss -28.8dB

General Antenna Parameters and Design

| Electrical Detay (one direction) | 1.157 ns

Alter long term use with 100W radiated power, only a stight warming of the dipole near the teedpoint can be measurad.

The dipole is made of standard semirigid coaxial cable. The contar conductor of the feeding line is directly connected to the
second arm of the dipole. The antenna is therefore short-circuited lor DC-signals, On some of tha dipoles, small end caps
are added to the dipole arms in order to improve matching whon loaded according to the position as explained in the
“Measurement Conditions* paragraph. The SAR data are not affected by this change. The overall dipole length is stil
according 10 the Standard

No excessive force must be applied to the dipole arms. because they might bend or the soidered connections near the
feadpoint may be damaged.

Additional EUT Data
Manutactured by SPEAG
Manyfactured on July 05, 2002
Certificate No: D2450V2-710_Aug16 Page4of 8
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DASYS Validation Report for Head TSL

Date: 15.08.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz D2450V2; Type: D2450V2; Serial: D2450V2 - SN:710

Communication System: UID 0 - CW; Frequency: 2450 MHz

Medium parameters used: f= 2450 MHz; o = 1.88 S/m: &, = 38.2: p= 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63.19-2011)

DASYS52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(7.72, 7.72, 7.72); Calibrated: 15.06.2016:
* Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated; 30.12.2015
*  Phantom: Flat Phantom 5.0 (front): Type: QDOOOPS0OAA: Serial: 1001

* DASY5252.8.8(1258): SEMCAD X 14.6.10(7372)

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

Reference Value = 115.2 Vim; Power Drift = 0.00 dB

Peak SAR (extrapolated) = 27.4 Wikg

SAR(1 g) = 13.5 W/kg; SAR(10 g) = 6.3 W/kg

Maximum value of SAR (measured) = 22.6 W/kg

-8.86
-13.30

-17.73

22.16

0dB = 22.6 W/kg = 13.54 dBW/kg

Contificate No; D2450V2-710_Aug16 Page 50l 8
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Impedance Measurement Plot for Head TSL
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Antenna Parameters with Head TSL

From cal. data

Measured 2017-08-23

Impedance; transformed to feed
point

51.90 + 2.6jQ

52.6Q +1.1jQ

Return Loss

-30.0dB

-31.2dB
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DASYS5 Validation Report for Body TSL

Date: 12.08.2016
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz D2450V2; T ype: D2450V2; Serial: D2450V2 - SN:710

Communication System: UID 0 - CW: Frequency: 2450 MHz

Medium parameters used: { = 2450 MHz: o = 2.04 Sfm; & =52: p=1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEE/IEC/ANSI C63,19-2011)

DASY52 Configuration:
= Probe: EX3DV4 - SN7349: ConvF(7.79, 7.79, 7.79); Calibruted: 15.06.2016:
» Sensor-Surface: |.4mm (Mechanical Surface Detection)
* Electronics: DAE4 Sn601; Calibrated: 30,12.2015
*  Phantom: Flat Phantom 5.0 (buck); Type: QDOOOPSOAA: Serial: 1002
* DASYS252.8.8(1258); SEMCAD X 14.6.10(7372)

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

Reference Value = 106.3 Vim; Power Drift = -0,03 dB

Peak SAR (extrapolated) = 26.0 Wikg

SAR(1 g) = 13.1 W/kg; SAR(10 g) = 6.13 Wikg

Maximum value of SAR (measured) = 21. | Wikeg

5.00
-10.00
-15.00

-20.00

-25.00

0dB =211 W/kg = 13.24 dBW/kg

Centificate No: D2450V2-710_Aug 16 Page 7 of 8
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Impedance Measurement Plot for Body TSL

12 Aug 2016 1%9:13:16
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Antenna Parameters with Body TSL

From cal. data Measured 2017-08-23
Impedance; trggisr,]ftmmed to feed 48.20 +3.1j0 48.10 -2.3/0

Return Loss -28.8dB -30.4dB
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9

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zoughausstrasse 43, 8004 Zurich, Switzerland

Accrediied by Ihe Swiss Accragaton Sanaca (SAS)
The Swiss Accreditation Service is one of the signatories 1o the EA
Multitsteral Agreement for the recegnition of calibration certificates

cient  CTC advanced GmbH

Calibration certificate of Data Acquisition Unit (DAE)

Sch her Kalibri
Service suisse détalonnoge
Servizio svizzero di tarstura
Swiss Calibration Service

Accreditation No.: SCS 0108

Certificate No: DAE3-413_Jan18

[CALIBRATION CERTIFICATE
L)wect DAES - SD 000 D03 AA - SN: 413
Calbrason peocedurels| QA CAL-06.v29
Calibration pracedure for the data acquisition elecironics (DAE)
Caibration cate: January 10, 2018

Tham and the

All calibrations have been conducted In the closed b

Thés cibeation certhicate documents the traceebiity to nationnl standards. which realtzs tha physical units of measurements (S1).

with coofl prababilty are given on the Soliowing pages and aro part of the cenlficate

Caibeation Equipment used (MATE criical for calibeation)

y faciity: e

T iemperaie (22 = 3)°C and humidity < 70%,

| Primary Standards IDs Cal Date (Contticate No.) Schaduled Catibration
| Kaithiey Mutimeter Type 2001 | SN 0810278 31 Aug A7 (N0:21002) Augs
Secandsry Standarss [0 s Check Dot fin houss) Senedulod Check
Auso DAE Calbrason Uret SE UWS 0653 AA 1001 Od-Jan-18 (in house check) 10 house chock: Jan-19
Calbeator 8ox V2.1 SE UMS 006 AA 1002 0d-Jan-18 [in house chock) In house check: Jan-18
Namo Function Signalure
Calibrated by: Adrian Getring Laboratory Tachnican /{ é é
&
Approved by: Sven Kuhn Doputy Mansger . A [
s 4§V

|This calbeation cartficato shall nct be reproduced except in ull without wiithen approval of fhe &

1ssued. January 10, 2018

Cortificate No: DAE3-413_Jan18

Page 1015
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10 Calibration certificate of Data Acquisition Unit (DAE)

Calibration Laboratory of L&, S Schweizerischer Kalibrierdienst
Schmid & Partner % Service suisse d'étalonnage
Engineering AG BN C servisio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerfand ’»,,,,ﬁ“,\? S Swiss Calibeation Service
Wl
Accrecied by the Swiss Accreditation Service (SAS) Accreditation No.: SCS 0108

mm-wwsmumotmuqmmmu
Multilateral Ag nent for the recognition of calibration certificates

cient  CTC advanced GmbH Certificate No: DAE3-477_May17
CALIBRATION CERTIFICATE

Ovject DAES - SD 000 D03 AA - SN: 477

Calibration proceduro(s) QA CAL-06.v29
Calibration procedure for the data acquisition electronics (DAE)

Caktraton date May 12, 2017

This calibraton certificate documents the fraceabity 10 nanonal standards, which makzo the physical units of measurements (S1),
The measuroments and the uncenainbes wih contidencs probabdity are gven on (he following pages and are pan of 1he contificate.

All calirabions have baen conducted in 1he closed laboatory facilty: emvironment temperature (22 2 3)"C and humtity < 70%

Calbration Ecupment used (MR TE criical for calibeation)

Primary Standards ip# Cal Date (Ceriificate No | Schedued Casbration |
Kethiey Multimeter Type 2001 | SN 0810278 09-Sep-16 (No:19065) Sep-17

Secondury Standards |ins Check Date (in house) Scheduled Chick

Auto DAE Cabbration Unit SE UWS 053 AA 1001 05Jan-17 (In house check) In bouse chack: Jan-18
Calibeator Box V2.1 | SE UMS 006 AA 1002  05-Jan-17 (in house chack) In house check: Jan-18

Name Functon Signature

| Calibeated by Atnan Gehnng Technician /L gy

AppIoves by Fin Bamholt Deputy Techncal Manager /

VR

Jssued May 12, 2017

This caltraton cemtcate shall not ba reproduced oxcopl i Full without written approval of the kboratory

Centificate No: DAE3-477_May17 Page 1ofts
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11 Certificate of “SAM Twin Phantom V4.0/V4.0C”’

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland, Phone +41 1 245 97 00, Fax +41 1 245 97 79

Certificate of conformity / First Article Inspection

ltem SAM Twin Phantom V4.0
Type No QD 000 P40 BA

Series No TP-1002 and higher
Manufacturer / Origin Untersee Composites

Hauptstr. 69
CH-8559 Fruthwilen
Switzerland

Tests

The series production pracess used allows the limitation to test of first articles.

Complete tests were made on the pre-series Type No. QD Q00 P40 AA, Serial No. TP-1001 and on the
series first article Type No. QD 000 P40 BA, Serial No. TP-1006. Certain parameters have been retested
using further series units (called samples).

Test Requirement Details Units tested

Shape Compliance with the geometry IT’18 CAD File (") First article,
according to the CAD model. Samples

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

Material Dielectric parameters for required 200 MHz - 3 GHz Material

parameters frequencies Relative permittivity <5 | sample

Loss tangent < 0.05. TP 104-5

Material resistivity | The material has been tested to be l.iquid type HSL 1800 Pre-series,
compatible with the liquids defined in | and others according to | First article
the standards the standard.

Standards

[1] CENELEC EN 50361

[2] IEEE P1528-200x draft 6.5

[3] IEC PT 62209 draft 0.9

(*) The IT"S CAD file is derived from [2] and is also within the tolerance requirements of the shapes of
[1] and [3]. :

Conformity

Based on the 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

/ J N~ 7
si st/ém'-'/’% Schmid & Partner ':7’—'2'; 477”,@/74—
ignature / Stamp Englneering _‘AG

Feughausstrasse 43, CH.8004 Zurlch
ToLON1 1 248 97 00, Fax +41 1 245 97 79

DocNo 881 -QD 000 PAOBA-B Page 1{1}
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12 Application Note System Performance Check

12.1 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 DASY5 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.

12.2 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. 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 DASYS5 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 DASY5 system below + 0.02 dB.

+ 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.

12.3 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 DASY5 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.

Page 77 of 82



Test report no.: 1-5566/17-01-02-A advanced

member of RWTUV group

cTc|

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 IEEE1528 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.

for the 0.3 - 6 GHz rang

Uncertainty Budget for System Validation

Source of Uncertainty | Probability |PiMsor| ¢; | c; |Standard Uncertainty | 2 or

uncertainty Value Distribution (19) |(109) | £ %, (19) = %, (100)| v
Measurement System
Probe calibration + 6.6 % Normal 1] 1 1 |+ 66%|+x 6.6%| <«
Axial isotropy + 4.7 % |Rectangular | V3| 1 1 | 27 %[+ 27 %| «
Hemispherical isotropy + 9.6 % |Rectangular | V3] 0 0 [£ 00%|+£ 00%| <
Boundary effects + 1.0 % | Rectangular | V3| 1 1 |+ 06%|+x 06%| =
Probe linearity + 47 % | Rectangular | V3| 1 1 |2 27 %[+ 27 %|
System detection limits + 1.0 % | Rectangular | V3| 1 1 |+ 0.6%|+ 06 %|
Readout electronics + 0.3 % Normal 1| 1 1 |+ 03%|+ 03%|
Response time + 0.0 % |Rectangular | V3| 1 1 |+ 00%|+x 0.0%| =
Integration time + 0.0 % | Rectangular | V3| 1 1 | 00%|x 0.0%| «
RF ambient conditions + 1.0 % | Rectangular | V3| 1 1 |+ 06%|+ 0.6%|
Probe positioner + 0.8 % | Rectangular | V3| 1 1 |+ 05%|+x 05%|
Probe positioning + 6.7 % | Rectangular | V3| 1 1 |+ 39%|+x 39%|
Max. SAR evaluation + 2.0 % | Rectangular | V3 | 1 1 |+ 12%|+ 1.2%|
Dipole Related
Dev. of exp. dipole + 55 % | Rectangular | V3| 1 1 |+ 32%|x 32%|
Dipole Axis to Liquid Dist. + 2.0 % |Rectangular | V3| 1 1 |+ 12%|x 12%|
Input power & SAR drift + 3.4 % |Rectangular | V3| 1 1 [+ 20%|+ 20%]|
Phantom and Set-up
Phantom uncertainty + 4.0 % |Rectangular | V3| 1 1 |+ 23%|x 23%|
SAR correction + 1.9 % |Rectangular | V3| 1 [084[+ 1.1%|+ 09 %]
Liquid conductivity (meas.) | = 5.0 % Normal 11078071+ 3.9 %[+ 3.6 %[ <
Liquid permittivity (meas.) + 50 % Normal 1]1026[026 | 1.3%|x 13%| «
Temp. unc. - Conductivity | + 1.7 % | Rectangular | ¥ 3 [0.78|0.71 [+ 08 %[+ 0.7 %|
Temp. unc. - Permittivity + 0.3 % |Rectangular | V3[0.23]0.26[+ 0.0%|+ 0.0%|
Combined Uncertainty + 10.7 %[+ 10.6 %| 330
Expanded Std. £ 214 %[+ 211 %
Uncertainty

Table 1: Measurement uncertainties of the System Validation with DASY5 (0.3-6GHz). The RF ambient

noise uncertainty has been reduced to £1.0, considering input power levels are = 250mW.
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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 DASY5 measurement system, provided that the same power reading setup is used for all

validations. The repeatability estimates for frequencies below ad above 3GHz are given in the following

tables:

for the 0.3 - 3 GHz rang

Repeatability Budget for System Check

Uncertainty

Source of Uncertainty | Probability ¢i | ¢ |Standard Uncertainty| v* or

uncertainty Value Distribution (1g) [(20g) [ = %, (19) |£ %, (10Q)| Vess
Measurement System
Repeatability of probe cal. | + 1.8 % Normal 1 1 1 |+ 1.8%|+x 1.8% 00
Axial isotropy + 0.0 % | Rectangular| + 3 1 1 |+ 00%|+ 0.0% 0
Hemispherical isotropy + 0.0 % | Rectangular| + 3 1 1 |+ 00%|+ 0.0% 0
Boundary effects + 0.0 % | Rectangular| + 3 1 1 |+ 0.0%|+ 0.0% 0
Probe linearity + 0.0 % | Rectangular \ 3 1 1 [£ 0.0%[+ 0.0% 0
System detection limits + 0.0 % | Rectangular| + 3 1 1 [+ 00%|+ 0.0% 0
Modulation response + 0.0 % | Rectangular| + 3 1 1 [+ 00%|+ 0.0% 0
Readout electronics + 0.0 % Normal 1 1 1 [+ 00%|+ 0.0% 0
Response time + 0.0 % | Rectangular| + 3 1 1 [+ 00%|+ 0.0% 0
Integration time + 0.0 % | Rectangular| + 3 1 1 [+ 00%|+ 0.0% 0
RF ambient noise + 0.0 % | Rectangular| 3 1 1 |+ 00%|+ 0.0%|
RF ambient positioning + 0.0 % | Rectangular| + 3 1 1 |+ 00%|+ 0.0% 0
Probe positioner + 0.4 % |Rectangular| v3 | 1 1 |+ 02%|+ 02%|
Probe positioning + 2.9 % | Rectangular| + 3 1 1 |+ 1.7%|+x 1.7% 0
Max. SAR evaluation + 0.0 % | Rectangular| + 3 1 1 |+ 00%|+ 0.0% 0
Dipole Related
Dev. of experimental dipole| + 0.0 % | Rectangular| + 3 1 1 |+ 00%|+ 0.0%
Dipole axis to liquid dist. + 2.0 % | Rectangular| + 3 1 1 |+ 12%|+x 1.2% 0
Input power & SAR drift + 3.4 % | Rectangular| + 3 1 1 | 20%|+ 2.0%
Phantom and Set-up
Phantom uncertainty + 4.0 % | Rectangular| + 3 1 1 |+ 23%|+ 23 % 0
SAR correction + 1.9 % | Rectangular| + 3 1 10841+ 1.1%|+ 0.9% 0
Liguid conductivity (meas.)| + 5.0 % Normal 1078|071+ 3.9%|+ 3.6% 00
Liguid permittivity (meas.) + 5.0 % Normal 1]026]026[+x 1.3%|+ 1.3% 00
Temp. unc. - Conductivity + 1.7 % | Rectangular| V3 [0.78]0.71 |+ 0.8 %|+ 0.7 % 0
Temp. unc. - Permittivity + 0.3 % | Rectangular| v 3 [0.23]026]|+ 0.0%|+ 0.0% 0
Combined Uncertainty + 59%|+x 57%
SYpEmeee) Sl +11.9 %[+ 11.4 %

Table 2: Repeatability of the System Check with DASY5 (0.3-3GHz)
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Repeatability Budget for System Check
for the 3 - 6 GHz range

Source of Uncertainty | Probability |PiMsor| ¢; | c; |Standard Uncertainty | 2 or

uncertainty Value Distribution (19) [(109) | £ %, (19) [* %, (109)| v
Measurement System
Repeatability of probecal. | + 1.8 % Normal 1] 1 1 |+ 18%|+ 1.8%| <
Axial isotropy + 0.0 % | Rectangular | V3| 1 1 |[£ 00%|+ 0.0%]| =
Hemispherical isotropy + 0.0 % | Rectangular | V 3 1 1 |+ 00%|+ 0.0%|
Boundary effects + 0.0 % | Rectangular | V3| 1 1 |+ 00%|+ 0.0%| =
Probe linearity + 0.0 % |Rectangular | V3| 1 1 |+ 00%|+x 0.0%| =
System detection limits + 0.0 % | Rectangular | V3| 1 1 |+ 00%|+ 0.0%|
Modulation response + 0.0 % | Rectangular | V3| 1 1 [£ 00%[+ 0.0%| <«
Readout electronics + 0.0 % Normal 1| 1 1 |+ 00%|+ 0.0%]|
Response time + 0.0 % | Rectangular | V3| 1 1 |+ 00%|+ 0.0%| <
Integration time + 0.0 % | Rectangular | V3| 1 1 [+ 0.0%|+ 00%|
RF ambient noise + 0.0 % | Rectangular | V3| 1 1 [£ 00%[£ 0.0%| «
RF ambient positioning + 0.0 % |Rectangular | V3| 1 1 |+ 00%|+x 0.0%| =
Probe positioner + 0.8 % | Rectangular | V3| 1 1 | 05%|x 05%| «
Probe positioning + 6.7 % | Rectangular | V3| 1 1 |+ 39%|+ 39%|
Max. SAR evaluation + 0.0 % |Rectangular | V3| 1 1 |+ 00%|+x 0.0%|
Dipole Related
Dev. of experimental dipole | + 0.0 % |Rectangular | V3| 1 | 1 [+ 0.0%|+ 0.0%| =
Dipole axis to liquid dist. + 2.0 % |Rectangular | V3| 1 1 [£ 12%[+ 12%| «
Input power & SAR drift + 3.4 % |Rectangular | V3| 1 1 |+ 20%|+x 20%|
Phantom and Set-up
Phantom uncertainty + 4.0 % | Rectangular | V 3 1 1 |+ 23%|+x 2.3 %| <«
SAR correction + 1.9 % |Rectangular | V3| 1 084 [+ 1.1%[+ 09 %|
Liquid conductivity (meas.) | = 5.0 % Normal 11078071+ 3.9%|+ 3.6 %[ <
Liquid permittivity (meas.) + 50 % Normal 11026[026[+x 13%|+ 1.3 %[ =
Temp. unc. - Conductivity + 1.7 % | Rectangular | V3 [078[071 [+ 08 %[+ 07 %| =
Temp. unc. - Permittivity + 0.3 % | Rectangular | ¥ 3[0.23/0.26 [+ 0.0%|+ 0.0%]|
Combined Uncertainty * 6.9%|x 6.7%
Expanded Std. + 138 %|+ 134 %
Uncertainty

Table 3: Repeatability of the System Check with DASY5 (3-6GHZz)

Note: Worst case probe calibration uncertainty has been applied for all probes used during the
measurements.

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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12.4 Power set-up for validation

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

dir.
) 3dB .
Signal Low cable
Generator Pass [:Att.? = } } @

- Att2 |;
® ———(w) (n2)

) —=
Dipole

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

* The signal generator and amplifier should be stable (after warm-up). The forward power to the dipole
should be above 10mW to avoid the influence of measurement noise. If the signal generator can deliver
15dBm or more, an amplifier is not necessary. Some high power amplifiers should not be operated at a
level far below their maximum output power level (e.g. a 100W power amplifier operated at 250mwW
output can be quite noisy). An attenuator between the signal generator and amplifier is recommended to
protect the amplifier input.

+ The low pass filter after the amplifier reduces the effect of harmonics and noise from the amplifier. For
most amplifiers in normal operation the filter is not necessary.

+ The attenuator after the amplifier improves the source matching and the accuracy of the power head.
(See power meter manual.) It can also be used also to make the amplifier operate at its optimal output
level for noise and stability. In a setup without directional coupler, this attenuator should be at least
10dB.

* The directional coupler (recommended 3 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 Attl 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 Attl and
calibrate the attenuator with the coupler.

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

12.5 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 DASY5 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.

12.6 Additional system checks

While the validation gives a good check of the DASY5 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 DASY5 software allow additional
tests of the performance of the DASY5 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 DASY5 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
DASY5 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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