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The Swiss Accreditalion Service |s one of the signatories to the EA
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Cetecom Advanced ‘

Calibration report “Probe EX3DV4” — SN: 7635

S SBchweizerizcher Kalibrlerdienst

c Sarvice suisse d'@talonnage
Servizie svizzend di aralura

S  Zwisz Calibration Service

Aoereditation Mo SCS 0108

Certilicate Mo, EX-7635 Jan25

[ CALIERATION CERTIFICATE

Cimject EX30V4 - SNTE35

Calitration procedurais)
QA CAL-25v8

Calizeatian date January 10, 2025

Cabbraton Equipmant used (MATE crfical for calibration)

QA CAL-01.v10, QA CAL-12x10, QA CAL-14.57, QA CAL-23.vE,

Calibration procedure for dosimetric E-field probes

This calibrafion certiticate documents tha traceabdity 1o national standards. which raalize the physical units of measuremants (51}
The meazuraments and 1he uncartainties wilh confidence probabilty ane pven anthe Yallowing pages and are gart of tha carliticate.

£l calipeations have been conducied in tha ciosed |aboratory faciity: envirenmant tamparabure {22 + 3] and humidily < 7o,

Primary Standands [ Calieatian Dar {Geriilicata No | [ Schad, Gal,
Powar Sansor RS NRP-33T 5M: 100967 #8-har-24 [No, 21704038 Mar-25
Shorf [SEQ18H] + Atbenuator [S60E0) SMIL1T1G 25-bar-24 (Mo, 217-0a048) Mar25
OCP DAR-12 S 1018 24d-Zapi-2d Mo, OCP-DAR1E-1016_ Sap2d) Sep-25
| OCF DARAS SR 1248 23-Bapt-24 (Mo, DCP-DARI 5-1249 Sepld) Sap-25
| Raleranca Propa EXI0VE | Sh; T4 0F-Jum-g4 (e, EXE-F348_Jungs) ]
| [DaEd SN 1301 | O7-Mors24 Mo, DAE4-13071_Npw2d) o265
| Secondary Standards [ 1D | Check Date {in house) | Sched. Check |
| ACAP 2020 Calibeation B | SN L1ddd | B0-Bept-2d [No. Reparl_ACAPZ0EIE-Cave_20240830s) | Sep-25 |
Kame Funcsan Signatisa ‘
Galibrated by Aldania Geargladou Laboraiory Techmcian i ! -—.,.Alj
. 1 -
Appraved by Svan Kihn Technical Managar -_-(} o
b fanuary 10, 2025
This callpration cart#icabe shall not ba regreducad excapt in full withoul written approval of the kabaratary

Certificata No: EX-7635_Jan25 Page 1 of 21
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Calibration Laboratory of
Schmid & Partner

Engineering AG

Zeughaussirasse 43, BODM Zurnch, Switzerand

S Schweizerischer Kalibrierdionst

C Service suisse d'etalonnage
Servizio svizzero di laratura

S Swiss Calibration Service

Accradited By the Swiss Accreditation Sarvics (SA5) Accreditation No,; SCS 0108
The Swiss Accreditation Service ks one of the signatories fo the EA
Multiateral Agresment for the recognition of callbration certificates

Glossary

TSL liggue simulating liquid

MORMx Y2 sensitivity in free space

ConvF sensibiviy in TSL / NORM vz

DGR diode compression point

CF crest fachor (1iduly_cyele) of the AF signal

A B CD medidadion dependant lineanzation paramelers

Polarization ¢ gr rotation around peobe axs

Paolarization & # rofation around an axis that & in the plane normal to probe axis (a1 measurement cemer), e, 0 =0is
noemal 1o prabe axis

Connecior Angle  indormation used in DASY syslem 1o align probe sensor X bo the rokof coordinate system

Callbration is Performed According to the Following Standards:

a) IEGIEEE 6220%-1528, "Measurement Procedure For The Assessment Of Specific Absorption Rate Of Human Exposun:
To Redio Frequency Fields From Hand-Held And Body-Worn Wireless Gormmunication Devices — Part 1528, Human
Models, Instrumentation And Procedures iFrequancy Range of 4 MHz to 10GHz, October 2020,

b} KDE BESEE4, “SAR Measurement Requirements for $00MHz 1o & GHz"

Methods Applied and Interpretation of Paramelers:

* NORM pz! Assessed for E-liekd polarization & =0 (f = 800MHz in TEM-cell; f = 18000MHz: R22 waveguods). MORM:x w2
are only intermediate valuas, i.e., the uncertainties of NORM: y.2 does not aflect the E2-figkd uncertainty inside TSL (see
bew ComaF)

* NORM[fle .z = NORMy p2 * frequency responss (sea Frequency Response Chael). This linearization is implemented in
DASY4 software versions later than 4.2, The uncartainty of the Fequency responzs is included in the stated wreeriainty of
ConvF

= OGPy yz: OGP are numerical linearization parameters assessed based on the data of power sweep with CW signal, DOP
does nol dapand on frequency nor media

= PAR: PAR Is the Peak lo Average Ratio that is not calivrated but determined based on the signal characternistics

= Axyz By Cepz Dx e VRxp2 A, B C D are numerical lineanzabion parameters assessed based on the data of
powes sweep i spedific modulation signal. The parameters éo not depend on frequency nor media. YA is e maximgm
calipration renge expressed @ BMS valtage across the diode.

= Comvf ang Boundary Effect Paramefers: Assessed in flat phantom usging E-figkd (or Ternperature Tranafer Standard for
= 300MHz) 2nd inzide waveguide using analylical fiekd distriutions based on power measuremeants tor f = A00MHz. The
same eslups are uged for assessmaent of e parameders applied for boundary compensation (alpha, depth) of which typical
uncerlainty values are given. These parameters are used in DASYS soltware 1o improvs probe accuracy close to the
bourdary. The sansitivily m TEL correspands to MORME, 1« 2 * Coie® whiraby the uncertainty cormesponds o that aives lar
ComdE A fraquency dependent ComvF ig uged in DASY wersion 4.4 and higher which allows extendlag (e waldity fram
+50 MHz to 100 MHz,

« Spherical isotropy (30 dewviation from isatropy)- in a fisld of low gradients reafized wsing & flat phantom exposed by a palch
anlenna,

+ Sensor Oftsel The sensor offsel coresponds to the offset of vifual measurement center from the probe tip (on probe axis),
Me bodgrance reguired.

+ Connector Angle! The angle is assessed using the infarmation gained by determining the MORM: (no uncertainty reqguired),

Certificate Mao: EI-?BS»ﬁ_-janEE Page 2.1.;11 21
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EX30V4 - SM:TE3S danuary 10, 2025

Parameters of Probe: EX3DV4 - SN:7635
Baslc Calibration Parameters

Sensor X Sensor ¥ Sensor Z | Uncik=2)
Marm (him ) & 0565 085 08 £10.1%
Do my) B 1132 110.1 1105 +4 T%

Calibration Results for Modulation Response

"UlD | Communication Sysiem Hame A ] C | D VR | Max | Max
dB | dB,/pV dB | mV | dev. | Unct
km2
L CwW %000 000 1,00 | 0.00 | 1800 | 2147 | 2475
¥ | 000 0.00 1007 1321
£ 000 0064 1.00 BEEE
10352 | Pulee Wavelorm [200Hz, 10%%) ¥ | 155 | s08l B.51 ] 1000 | BOD | +05% | +86%
¥ 188 GREv:] BEE fill.0
| 172 FE=S T T BOG
10353 | Pulse Wawelorm [200Hz, 209 % | 0BT RO.00 511 EI99 | 00 | t2.8% | +9.6% |
¥ | 083 fl0.00 585 HOD |
) Z| uhd | eoo0 | 6a7 A0
10354 | Pulse Wavetarm {200Hz, 40%; ¥ 06D f0.00 Z06 | 388 | 050 | £1.6% | 19.6%
Y| Oas 03 507 | 950
Z| 055 | Blf0 S64 I
10355 | Pulse Waveform (200Hz, 607 X | 1288 | 15008 5891 | 222 | 1200 | +2.2% | z9A%
¥ | 087 | @000 446 1200
Z1 7650 | 12850 | oams RET N .
10387 | QPSK Waweiorm, 1 MHz %[ o052 £1.00 11.07 | 100 [ 1500 | +3.4% [ 55%
¥ | 056 | eoi8 10,56 500 |
- Z| BEO| 1B | 076 500
10388 | OPSK Wavelarm, 10 MHz W 138 64,40 1304 | 000 | 1500 | +1.6% | +5.6%
Y| 1.87 | 8419 12 BD 15000
2 1.30 B3 ED 1268 1500 )
| 10396 | G4-CAM Wavelorm, 100 kHz K| 178 6500 | 1581 | 301 | 150.0 | £0.0% | (6%
Y| 1.8 ERT 1581 150.0
I 780 | 8477 | 15 | THD | Il
10388 | 62-0AR Wavelorm, 40 MHz X| 27| B577 1456 | 0.00 [ 150.0 | +2.1% | +9.6% |
Y| 2.8 G562 1451 1500 |
) AR B5.40 1436 | 500
10474 | WLAN CCDF 64-0AM. 40 MHz A] 373 6552 | 14E5 | 000 | 1500 | £3.9% | tBE%
¥ | 3.B0 G540 | 1484 1500
Z| 384 B5 35 1474 15800
Mote: For details on LID parareders see Appendix
Tha reparted uncertainty of measurement is staled as the standard unsertainty of measurement multiolisd by the coverage
factor k=2, which for a normal destribulion comesponds to a soverage probahility of approximalety $5%.

S Tha uncartainties of Mams X7 da nol ablec the EZSald unceriainly inside TEL |sen Pags ),
Linearzalion pammeter uncertainty for max mum spedilied fiedd strength.
Unceriaimy is detanrined using Se max. desiation Fom inesr respanse apnking seclangular distrbution and & axpresed for lhe square of ihe feld walue,

Coertificate Mo: EX-7535_Jan2§ Page 3 al 21
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advanced
EX30V4 - SN:T835 January 10, 2025
Parameters of Probe: EX3DV4 - SN:7635
Sensor Model Parameters
(] [ o o ™ T2 T3 T4 TS T |
tF | V' | msv? | msv' | ms Ve v N
T 0.2 7007 | 06 £31 [ om0 440 067 000 1.00
IS 105 A1 52.13 a1 .00 406 063 0.00 100
z | 118 a0.a7 3 838 | o000 EXT] 084 .00 100
Other Probe Parameters
Sensor Arrangenan Triangular
Gonnactor Angle . -14.17
| Mechanical Surface Detection Moda erabled
?pii:al Burtace Detection Made dlsa[:ﬂ-ecl
| Probe Overall Langth 337 mm |
| Probe Body Diameter 0mm |
[Tip Lenglt - " omm|
Tip Diamneter ' ZEmm
Frone Tip to Sensor X Calibraticn Point : Tmm
Prone Tip to Sensor ¥ Calibration Painl ) s
Probe Tip o Sensor T Calibration Palng prpmy
Racommended M-ea_s_ylrammﬂ Digtance from S'L';fa.ca 1.4mm

Hate: Meszurement distarce o suriace can e rereased (o 3—4me dor an Arsa Scan b

Certificate No: EX-7635_Jan2s Page 4 ol 21
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EX30V4 - SN-7635 Jaruary 10, 2025
Parameters of Probe: EX3DV4 - SN:7635
Calibration Parameter Determined in Head Tissue Simulating Media
f (MHz)© Relative | Conductivity’ | ConvF X | ComFY | ComvFZ | Alpha® | Depth® | Unc"
Parmittivity™ (S/m) _ {rmmj k=%
6 550 0.75 17011 | 1643 | 1843 a.00 125 | +133%
13 550 0.75 1747 | 1821 18,68 .00 126 | s138%
s | 435 T 11.95 | 1195 | 1185 0.18 130 | +133%
50 427 0.88 124 | 124 | 1ies 0.10 125 | +133%
750 41.8 0.B8 I 988 825 10.05 036 1.27 +11.0%
850 415 .82 9.75 3.03 5.8 .36 127 | +11.0%
300 s 0.7 9.68 .96 a.74 0.38 127 | s1i0m
1450 ws | 1m0 835 773 g.20 035 127 | 110
1640 402 131 B3 739 .67 035 127 | <110
1750 401 137 | Bes B4 873 035 127 | e110m
1900 400 1.40 R 752 817 035 127 | 0%
2150 9.7 153 .28 767 | B33 | 03¢ 127 | +11.0%
2300 205 167 214 7.54 818 0.34 127 | ernoe
2450 39.2 1.80 785 731 7.54 034 | tver | svom |
| 2600 | 330 196 7.78 7.20 782 | om | 127 ] M0 |

C Fraquaney valdiny abous 300MHZ ol = 10RMH? crly sgeies for DASY w8 £ and highes (988 Page 71, atee il 2 reairiclad by <S0MHZ. Tres wncariainly is 1he
RES of the Somd uncarainty 1 calinralion inaqeency and the undarainty for the solcated Rguency band, Fraquancy waidiy below 300 A2 is 110, 25,
0, 50 and FOMHR tor GomeF segassments al 30, 64, 158, 150 and 220 MHz espacivedy, Valdiy of ComF sssassed al 6 MHT s 4-8MHz, and Come®
Agastend & 1IMHz S 8150 Abdve 5 GHz Inquercy waboily ca be exiended 10 <110 MH:

F Tha probes are cabbraled using lissue ssadaling Sguids (TSL) that deviyis for rand o by less than £5% from the langet valuss {lypcaly beler than £3%)
and are walkd for TSL with deaalions of up o+ 107% it SAR coreotion is appied.

& BlphaDepth ara delermned during calibeaiion. SPEAG wamanis that tha mmainng devation due bo the boundary etiect afier compensainn is aways loss
than & 1% lor frecpencias Dalow 5 GH? ard betow + 2% 1o Igcpsncing between 3—6 GHZ & sy distarca lanar than hak tha pobe ip diameien from the
baruckary,

H The saed wncer kimy 1s the 1olal calibration uncerlaknty |k = 2} of Morm-CorgF. This i walanl o the Tilly (o wilfi 1he gpvbol CF n
Tatda 3 of IEDIEEE 5220815282020

Carlificale No: EX-T635_Jan?5 Page 5of 21
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EXI0V4 - SNTEIE danuary 10, 2025

Frequency Response of E-Field
{TEM-Cell:ifi110 EXX, Waveguide:R22)
15

14

1.3

048

Frequancy response (normalizad)

na

or

06

0.5

0 200 400 600 BOD 1000 1200 1400 1600 1800 2000 2200 D400 2600
f [MHz]

= TEM - RA22

Uncartainty of Frequency Responses of E-field: =6.3% (k=2)

Corlificate No: EX-TE35 _Jan25 Page 6 of 21
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EXZ0NWA - SN:TE3S January 10, 2025

Receiving Pattern (¢), £ =0°

{=600 MHz, TEM, 0°

f=1800MHz, R22. 0°
a0*

0.5
E _— L i
§ 0} gug=—g=t=ET=S _L=3lt=—-vl'='1': ‘-_.-‘l!!'li!
=
_9.5.
| SRS
1} =1 120 1ai 240 3ho 360
Raoll [f]
= 100 MHz = GO0 MHz 1800 MHz - ZE00MHz

Uneertainty of Axial Isotropy Assessment: +0.5% (k=2)

Certificate MNo: EX-T835_Jan2s

Page T of 21
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EXIDV4 - SM.7EIS

Dynamic Range f(SARngzad)
[TEM call, fyuu = TR00MHzZ)

January 10, 2025

108

108
_ ]
:.i". 10t o g
E L
m |
) -
a |
E g4

10¥

1072 101 1wo° 10! 107
SAR [miWrem?)
= hol compensated = comp=naated

F— BT |

1 !
o
=
_P: ] PR s v s T RiEE o
& S

-1 ™

£ .

o0°# 10! 1w RL:L i
SAR [mWWiemd]
= nal compansaled = compensabed
Uncartainty of Linearity Assessment: =008% (k=2)
Cartifizate Mo: EX-TE3G_Jan25 Page & of 21
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EX3I0V4 - EN:TE3S Jdenuery 10, 2025

Conversion Factor Assessment

1-1900 MHz, WELS R22 (H_comvE)

an|

SAR [(Wia) W]

4] 1] 20 a0 40
z [mm]

= @nalybcal = mgasured

Deviation from Isotropy in Liquid

Error (o5, 1 = 900MHz

i 1
06 ;
04 i
- 0 .
5 b Gl
g -0z “
~0.4 40
-0.6
-0.B g
b e ' [deg]
135 e g
20 a8 o
¥ [deg) 340
-1 -0 o0& 04 -02 il bE 0d 0.6 0E 1
Uncertainty of Sphencal solropy Assasament; +2 6% (k=2]
Carlificate Mo: Ex-?séﬁ JanZs Page 9al 21

Page 11 of 38




Appendix No.: 1-7623-24-02-05_TR1-A201-R01 CeteCO m
advanced

3

Calibration report “450 MHz System validation dipole”

Eal‘lm“m Lﬂbﬂr‘tﬂw of P, '@"'}& & Inchar Kalibeigrdi

Schmid & Partner m Service sulsse Fitslennage
EI‘IQIHEEIiI‘Ig AG e Servizio svizzero di tarabura

Taughausstrages 13, 004 Zurich, Switzerland 'wc,,_-:yﬁx\ i Swise Calibration Service

Areraiied by the Swiss Accrednation Sankca (5A5) Aceraditatlon Mo: SCS 0108

The Swiss Accreditation Service is one of the skgnatorien io the EA

Wiultilateral Agreamsent or the recognition of calibraticn cartificabses

Cliert  CTC advanced GmbH Certificate Ne. D4S0V3I-1060_May23

Searbricken, Germany

|CALIBRATION CERTIFICATE

‘ Object DAa50V3 - SN:1060

Calbration procedunss) Qb CAL-15410
Calibration Procedure for SAR Validafion Sources below 700 MHz

| Calioution date: May 08, 2023
This akbeaton candicate dotumanls the iraceabibty to national standards, which reakza ihe ph wnife ol et {5}
Thiy i wats el Tha inliers wath confidence probabilty are gven on the following pages and ane pad of tha cerfcis
| K- hawe boRn Cind i1 tha dosed labormiery batilly: efmamorrmen lemperatune (22 + 3°C and humidity = 70%.

Takbeation Equipenant used (MATE crtics® for calibration)

Primary Slardards [ie: Cal Dl |Centificate Mo Suheduled Cabbratian

Power maler NRFZ SH: 04TTE 30-Mar-23 (Mo, 217 -03804035805) Rfar- 74

Powgr sangor MEF. 160 SN T BO-MIar-2d (Pda. 217008040 R 74

Powar sansor NRP-Z91 SHERes FO-Mar-23 (Mo, 217 -03808) Mo 24

Fodomron 20 o Alleriabo . BHATE (30k) F0-Mar-23 (B, 217 -0 Plar-24

Type-N mismalch combiration S 310982 § DEZET F-Mar-23 (Mo, 217038100 Alar-24

Felererse Probe EXADY4 Sk 2877 Dfiean-23 (Mo EX3-3877 e} Jar-24

DAES B 654 Z7Jnm23 (o DAEL-E54 Jan23) Jarr g

Becordary Siandands Lo _'_:.':rm Dale jr housa) Sraiyiien Thack |

Pormer rater MAP2 SH: DTIER O8-More 21 in howss chac Dee-73) In houas check: Deas-28

Porwer seraor NAP-Z20¢ SH: 1D0g22 15-D0c-09 (in howse chack Dec-22} In P check: Des-24

Powar sgrGor NRP-730 SN 10045 Od-Jar-04 (in house check Dec-22) In gtz chack: Deg-24

RF ganarator HF BEAE0 ShE LIRSS 70D L0 (o oase chieck Jun-22) I Pt chaeds Jurn-24

Matwark Analyzar Aglam EBASHS | SN LIS41080477 Jn-Mar-14 (in house choeck Oict-22) I Fcmins chac; Ood-24

Pdirren Furction Sgnalurs

Cahitrrabed by Michag! Wibar Laboratory Technican !

Appraved by Swan Kihn Technical Monager r,ﬂ_‘ —
= b

5
Issuad. May B, F083
Thie caliwalion cedificals ahall rotl be mproduced mocept in tul without weitian approval ol ihe labomtory

Cearilicate Moo D350V 1080_May23 Paga 1ol B

Page 12 of 38
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Calibration Laboratory of

S Beheizarischir Kalibomedienst
Schmid & Partner P Service suisso o ctalonnage
EI'EgII'IEE'I'II'I‘g AG Servizio svizzern di tarntura
Zpughaiesiranae 43, 8004 Furich, Switzeriand 2] Swiss Calibration Service
Accreckted by (he Swiss Accredilalion Senice (SAS) Becreditstion Mo, SCS 0108

Tha Swits Accredilation Service is one of the signatories io the EA
Muitiiateral Agresmiant for the neoognition of cairation certificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL/ NORM xy.z
MiA not applicable or not measured

Calibration is Perfermed According to the Following Standards:

a} |IECNEEE 62208-1528, "Measurement Procedure For The Assessment Of Specific
Abzomption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Worn Wireless Communication Devicas - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020,

b) KDB BE5664, “SAR Measurement Requiremeants for 100 MHz to 6 GHz"

Additional Documentation:
¢} DASY System Handbook

Methods Applied and Interpretation of Parameters:

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

= Antenna Paramaters with TSL: The source is mounted in a touch configuration below the
canmer marking of the flat phantom.

* Return Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Retum Loss ensures low
reflected powear. Mo uncertainty required,

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

* SAA normalized: SAR as measured, normalized to an input pewer 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 uncertainly of measurement is stated as the standard uncertainty of measurament
multiphed by the coverage factor k=2, which for a nomnal distribution corresponds to a coverage
probability of appreximately 95%.

Certificate No: D450%W3-1060_May25 Page 2 of 8
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Appendix No.: 1-7623-24-02-05_TR1-A201-R01 advanced

Measurement Conditions
DASY system configuration, as far s not given on page 1
DASY Version DASYED WEE 104
Extrapolation Advanced Extrapolation
— |
Phantom ELI4 Flat Phantom Shed thickness: 2 + 0.2 mm
Distance Dipole Center - TSL 15 mm with Spacer
Zonom Scan Resolution dx. dy. dz = 5 mm
Frequenzy 450 MHz = 1 MHz
Head T5L parameters
The following paramaters and calcukaticns wans applhiad
Temparature Parmittivity Conductivity
Maominal Head TSL parameders 22.0°C 435 0BT mhioim
Measured Head TSL parameters [22.0£0.2)°C 44 2 6% 088 mbo/m & 6 %
Head TSL temperature change during test =05 C e
SAR result with Head TSL
SAR averaged over 1 am® (1 g) of Head TSL Conditian
5AR measured 250 MW input poeer 1.14 Wikg
5AHR for nominal Head TSL paramaters nonmatized o W 4,49 Wikg = 18.1 % (k=2)
SAR averaged over 10 em” {10 g) of Head TSL [ Gamnsfition |
SAR measured 250 mW inpud power 0.753 Wikg
SAR for nerminal Head TSL paramesers normalized o W | Z.58 Wikg = 17.6 % (k=2)
Body TSL parameters
The following parameters and calculations ware appied,
Temperature Parmittivity Conductivity
Maminal Body TSL parameters 220°C SET O 54 mho'm
Measured Body TSL parametsrs P20+02)°C | S70:6% | 092mhoma6
Body TSL temperature change during test =05"C e
SAR result with Body TSL
BAR averaged over 1 cm? (1 g} of Body TSL Condition
5AR measured 250 MW input powear 1.12 Wikg
BAR for nominal Body T3L paramaters formakized to 1W 456 Wkg + 18,1 % (k=2)
SAR averaged over 10 em? (10 g) of Body TSL condition
5AR measured 250 MYV irput poreer 0,760 Wikg
S5AR for nominal Body TSL paramaters normigized o 1w 305 Wikg = 17.6 % (k=2)
Cariificate Mo D45003-1060_May3 Page 3 of 8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, ansormied o leed point 56.611-2.3 0
Fatsm Loss -23.7 af

Antenna Parameters with Body TSL

Imipedancs, transdonmed 1o leed point G726+ 0.1 2
Ratum Loss ~E35dB

General Antenna Parameters and Design

| Eleetrieal Detay (one deection) | 1.353 nz ]

After lang term use with 100W ragated powes. only a slight warming of the dpale near the Seedpoint can be measured.

The digole i made of standard semingid coaoal cable. The center tonductar of the deeding line = dirsctly connected 1o the
second anm of the dipole. Tre anteana i tharefore short-ireuited for DC-gignals, On soma of tha dpoles, small end caps
arg added 10 The dipole ama in order be improve matching when leaded acoonding to the position &= explained in the
Teasuramant Conditions® paragraph. The SAR dala ans not aftected by this change. The ovarall dipale langih is stil
acconding io the Standard.

M excassiva force must be applisd to the dipols amms, because (hey might bard or tha soldared conneclions nesr the
Eeidpaint may ba damaged.

Additional EUT Data

| Manutaciured by ] SPERAO l

Cartificate No: D45063-1060_May23 Pagz 40l 8
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DASYS Validation Report for Head TSL

Drate: O6.05. 2023
Test Laboratory: SPEAG, Zunch, Switzerlamd

DUT: Dipole 430 MHz: Type: D450V Serial: D450V - SN: 1060

Conumunication System: UID O - CW: Frequency: 450 MHz

Mediam parameters used: [ =450 MHz; o = 0,88 S/m: gr=d2d; p= 100 l;;gim d
Phantom section: Flat Section

Measurement Standard: DASY S (IEEETEC/ANST CA3.19-201 1)

DASYST Configuration:

+  Probe: EX3DWVA - SNIETT: ConvF 1064, 10064, 10.64) @ 450 MU Calibrated: 06.01.2023
+  Sensor-Surface: 1.dmm {Mechanical Sorface Detection)

+ Electronics: DAE4 Snh34; Calibrated: 27.01.2023

»  Phantom: ELI va.ik Type: QDOVAMIIAA; Senal: TP 2034
«  DASYIZ52.10.401535) SEMCAD X 14.6.14(7301)

Dipole Calibration for Head Tissue/d=15mm, Pin=250mW/Zoom Scan ( TxTx7/Cube 0:
Measurement grid: dx=3mm, dy=5mm, dz=3mm

Reference Value = 38,75 Vim; Power Drifl = -0.01 dB

Peak SAR iextrapolated) = 1.79 Wike

SAR(L g) = 114 Wkg; SAR(10 g) = 0.753 Wikg

Soallest distance from peaks to all points 3 dB below: Lasger than measurement grid (= |5 mun)

Kano of SAR at M2 10 SAR at M1 = 63.4%

Maxamium value of SAR (measured) = 1,55 Wikg

-

205

i

410

an

nm

0dB = 1.55 Wikg = 1.90 dBWikg
Gerndticate Ma: D450V3-1060_May23 Page & of 8
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Impedance Measurement Plot for Head TSL

Eie wow Chennel Seeep Colbestion Drace Jese Maker Systern Window Hel =
CH "hl:_"-""-ri — i
= o0 I — tho e’ | ¥
|5 i 3 + = 1 — —_——
e fo™ |
* \l 1% -"::J:.J:-Il iHy —— ST e | 4z
S [H1 B1T | T 1o Aivg=20 Dislay LCL
Cartificate No: D450VI-1080_May23 Page & of &
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Antenna Parameters with Head TSL

From cal. data

Measured 2024-06-21

Impedance; transformed to feed
point

56.6Q -2.3j0

55.4Q -3.2j0

Return Loss

-23.7dB

-24.4dB

Page 18 of 38
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DASYS Validation Report for Body TSL

Drate: 08.05.2023
Test Laboratory: SPEAG, Zurich, Switzerland

DVUT: Bipole 450 MHz: Type: D450V 3: Serial: D450V - SN: 1060

Communication System: UID 0 - CW.; Frequency: 450 MHz

Medium parameters used: =430 MHz; o = 0.92 S/m; & = 57; p = 1000 kp/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEEAEC/ANST O3, 19-201 11

ASY 52 Configuranon:

+«  Probe; EX3IDYY - SNIETT: ConvFi( 10,64, 10064, 10.64) @& 450 MHz Calibeated: 06.01 2003
+  Sensor-Surface: |4mm (Mechanical Surface Detection)

+  Electronics: DAE4 Snb34: Calibrated: 27.01,2023

+  Phantom: ELT v6.0; Type: QDOVADIAA: Serial: TP2034

+  DASYS2 5210401 535); SEMCAD X 14.6. 147501 )

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

Reference Valve = 41.79 VWim; Power Dirift = -0.01 dB

Peak SAR (extrapolated) = 1.70 Wikg

SARI g) = 112 Wikg; SAR(LD g) = 0.750 W/kg

Soaflest distance from peaks to all poims 3 dB below: Larger than measurement grid (> 15 mm)

Ratio of SAR at M2 to SAR st M1 = 65.5%

Maximum value of SAR (measured) = 1.50 Wikg

-0

-1z

0 dB = 1.50 Wikg = 176 dBWikg

Canificate Mo DASIVE- 1060 May23 Page 7ol 8
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Impedance Measurement Plot for Body TSL

Stes  CH1 B1T | T 1Fom Boiga 0 Dislay oL

LCartificaba No: D450VI-1060_kMay23 Page 8 of B
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4  Calibration report “600 MHz System validation dipole”

Calibration Laboratory of
Schmid & Partner

Engineearing AG
Foughnusstrasse 43, 004 Turich, Switzerland

Schweizerischer Kalibsierdinnal

5

C Service sulsse of skaltnnage
Servizio svizzero dl taretura

5 Swiss Calibration Servics

Accrediiod by he Swiss Accrediaion Seodce (SAS)
The Swiss Aooreditation Service i4 ane of the signatories to the EA
Bultilateral Agreement for tha recogrilion of calibration certificates

Cliemt  CTC advanced GmbH
Saarbriicken, Germany

|CALIBRATION CERTIFICATE

Accroditation Ne.: SCS 0108

Certificate Mo, DEOOV3-1015_Aug23

Oject DEOOVE - EN; 1015

Cafbeation procadurals| CA CAL-15.v10

Calibration Procedure for SAR Validation Sources below 700 MHz

Cakbealion daie:

August 17, 2023

Calitalion Eguipment used (METE ordcal for calbrafion)

This cafibration canilicate docnaets e raceabiity b netoral standands, which sealize Bhe piysical unfis of masssamants (54
The moasmmants and the uncerairies with confdence prababiity s ghen an the 1nlowing pages and ace part of thae conificats

Adl cafbrations have boen concctad in the cleasd labomsory 1acity: anveanmant emperatune (37 200 and humidity « F%

| Erimery Stondende. L L - Cal Dt |Codwtizibi Mo | Scheduled Calbeation
Piowes meler NRPZ SME 14TTE S0-Mar-23 (Mo, 217068040 03R05) Poliar-24
Power gansa MAP-231 SME 103244 0-Mar-23 (fda. 217-00804) Miir- 4
Proasd panigsd NRP-F31 She 103345 0-Mar-20 Ma. 2170805 Plir- 34
Ratarance 30 o Allerusiod SrE DHIFERE (20K) SO-MEE-2 (Mo, 21 T Miag-24
Typear- M mismirich coerdiralion SR BI002 FOE3IT S0MA-23 Mo 21 T0E0) M2
Pedorance Proba EX30WE ShE BHTT 05-4an-23 (Mo, EX3-3TT_Jares) Jan-24
DAE4 M E54 2T-Lan-23 (Mo DAE4-E54 Sar3) Jan-24
Hecomiary Standands D& Chech Dibe (in housa) Echeduleg Creck

| P mstar NP2 SN 107183 O8-Mow:21 {in houka check Dec-225 I U chack: D24
Pewsar sensor MAP-Z31 SMC 1002 15 Dhac-06 {in houss check Deg-22% B Mo chaach: Dia-24
Power sensar MAP-Z31 S 100418 O1-dan-0d4 (in housa check Des-22) I housa check; Dec-24
AF generalor HP BE4EC SM USIGE2UCTTO0 04-AgEa [in hoiss chesk Jun-23) i Nouss check: Jun-24
Blatwirs Aradyres Agford EEISEN | SR USL1080477 F1-Mar-14 (v howuse chack O-295 I house check: Ocl-24

Mama Fumcticn Signatuns
Cnibeated by: Mg | WWiser Laberatary Techrican l‘k}——
Approvad by Svon Kihn Techrboal Managar
=
Issied, Auguel 22, 2023

This calibmtion cenilicabe shali rot be mproducad ancepl in il withoul weinsn approval of the laDoransy.

Carlificate Mo DEOOWI-1015_Aug23

Pege 1ol B
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Calibration Laboratory of A,

Ll
- ok Sthweizerischer Kalibricrdienal
Schmid & Pariner ﬁ;‘ g Borvien auises o' talonnage
Engineering AG g Lol Sarvigh suizzera di laratara
Zeughausitrasae 43, BO0I Zureh, Switzeriand 1._;17-;:‘?\ ¥ S Swiss Calibration Service
Accendited by the Seiss Arcrodiaion Seeace [SAS) Accreditation Na.: SCS 0108

The Swiss Accreditation Service is ane of the signatories to the EA
Multidateral Agresment for the recognitien of calibration cerificates

Glossary:

TSL tissue simulating liquid

ConvF sensitivity in TSL / NORM xy,z
MiA not applicaole or not measured

Calibration is Performed According to the Following Standards:

a} |EC/IEEE 62209-1528, "Measurement Procedure For The Assessment Of Specific
Absomption Rate Of Human Exposure To Radic Frequency Fields From Hand-Held And
Body-Wom Wireless Communication Devices - Part 1528: Human Madels, Instrumentation
And Procedures (Fraquency Range of 4 MHz to 10 GHz)", Ccteber 2020.

b} KDB 865664, “SAR Measurement Requiremants far 100 MHz to 6 GHz"

Additional Documentation:
¢} DASY System Handbook

Methods Applied and Interpretation of Parameters:

* Measuremeant Conditions: Further details are available from the Validation Report at the end
of the cerificate. All figures stated in the certificale are valid at the fraquency indicated.

» Antenna Parameters with TSL: The dipole is mounted with the spacer to position its feed
paint exactly below the center marking of the flat phantom section, with the amne oriertad
parallel to the body axis.

= Feed Paint Impedance and Return Loss: These parameters are measured with the dipaie
pasitioned under the liquid filled phantom. The impedance slated is transformed from the
measurement at the SMA connector to the feed paint. The Retum Loss ensures low
reflactad power. No uncerainty required.

»  Electrical Dalay: One-way delay batween the SMA connector and the anterna feed podnt.
Mo uncertainty reguired.

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
connaclor.

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

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

Cartilicale Mo DEOVI-1015_Aug23 Page 2ot @
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Measurement Conditions

DASY system conliguration, as far as nod given on page 1.

DASY Varsion DASYS [ WER D4

Extrapolation Advancad Exrapalalion |

Phantom ELI4 Fiat Phantom | Shell theckness: 2 + 0.2 rmm

Distance Dipole Center - TSL 15 mm with Spacer

Zoom Scan Resolution du, dy. dz =& mm

Frequancy GO0 MHz = 1 MHz
Head TSL parameters

Tne folkowing pararnaters and calculatons were appliad.
Temperalure Parmittivity Conduciivity

Mominal Head TSL parameters 220G 427 0B8R mhis'm

Measured Head TSL parameters (22002 "C 436+E6% 0.92 mho/m + 6%

Head TSL temperature change during test <0.5°C - -
SAR resuit with Head TSL

SAR averaged over 1 &m” {1 g) of Head TSL Cordition

SAR reasunad 250 mW input powar 1.65 Wikg

SAR for nominal Head TSL parameters narmalized to TW 641 Wikg = 18.1 % (k=2)

SAR averaged over 10 em? (10 g) of Head TSL condiion

SAR measured 250 mWW input pawer 1.07 Wikg

BAR for norminal Head TSL pararmatens rarmalized to 1W 4.7 Wikg =175 % (k=2)
Cartificate No. DBIOVI-1015_Aug23 Paga 3 of &
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

impedance, translormed to feed point SBER+15H
| Relturn Loss -21.9 48

General Antenna Parameters and Design

[ Elactrical Delay [one diraction) 1.150 ne

After long term use with 1000 radiabed power, oy a slight warming af the dipole near the feedpoint can b measured

The dipale is mads of standand semirigid coaxial cable. The cenber conducior ol The faading line 8 directly connected b the
second arm of the dipske. The antenna is therefore shon-gircuited for DG-signals. On scme of the dipoles, small end caps
are added (o the dipole arms in arder to impoove metching whan loaded according 1o the pesition as explained i the
*Measurement Conditions® paragraph, The SAR data are not alfecied by this change. The avarall dipole lengih ia slil
secording bo the Standard.

Mo excessive force must be appsed 1o the doole arms, because thiy might bend ar the soldeared connectons rear the
feadpoand may be damaged

Additional EUT Data

| Manutastured by SPEAG

Cestificaba Mo: DE00VI-1015_Augd Fage 4 af &
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DASYS Validation Report for Head TSL

Dame: 170820023

Test Laboratory: SFEAG, Zurich, Switzerland

DUT: Dipole 600 MHz; Type: D600V 3; Serial: D00V - SN: 1015

Communication System: UID 0 - CW; Frequeney: 600 MHz

Medium parameters used: F= 600 MHe; o = 092 S/m; 2, = 43.6; p = 1000 kgfm’
Phamtomn section: Flat Section

Measurement Standard: DASYS (IEEEAECFANST C63, 19-201 13

DASY 52 Configuration:

Probe: EX3DV4 - SN337T; ConvF{ 10,08, 10,08, 10.08) & 600 MHz: Calibrated: 06,01, 2023
Sensor-Surfuce: Ldmm (Mechanical Surface Detection)

Electronics: DAES Sn654; Calibrared: 27.01,2023

Fhantom: ELL w60 Tyvpe: QDOVAMNZAA; Serial: TP:2034

DASYS2 52.10.4(1535); SEMCAD X 14.6.14(7501)

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

Reference Value = S0O.R5 Vim: Power Dinift = (000 dB

Peak SAR (extrapolated) = 2.62 Wikg

SARIL g) = 1.65 Wik SAR(0 g) = 10T Wikg

Smallest distance from peaks o all poinis 3 dB below: Larger than measurement grid (= 15 mm)

Ratio of SAR at M2 10 SAR at M1 = 62.8%

Maximum value of SAR (measured) = 2.26 Wikg

2.40

-4.80

-7.20

-12.00

0 dB = 2.26 Wikg = 3.54 dBW/kg

Cartificate Mo: DEO0VI-1016_Aug2l Pags & of §
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Impedance Measurement Plot for Head TSL

Chigige M
1w S 00 B HE

Carilicals Mo DEXMVI-1015_Augz3 Page 6ol 6
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Antenna Parameters with Head TSL

From cal. data

Measured 2024-06-21

Impedance; transformed to feed
point

58.6Q +1.5jQ

57.3Q +2.2jQ

Return Loss

-21.9dB

-23.0dB

Page 27 of 38
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Calibration certificate of Data Acquisition Unit (DAE4ip) — SN: 1842

Calibration Laboratory of
Schmid & Partner
Engineering AG

Zeughaussirasse 43, B004 Zurich, Switzerland

5 Schwelzerlscher Kalibrierdienst
Service suisse d'stalonnage

C
Servizie svizzero di taralura

5 Swiss Calibration Service

Accradited by the Swiss Accreditation Senvice [SAS)
The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration cerdificales

Accreditation Mo.: SCS 0108

Client Cetecom Advanced

Certificate No: DAE4ip-1842_Nov24
Saarbricken - Garmany
ICA LIBRATION CERTIFICATE I
Ohject DAE4ip - SD 000 D14 AG - SN; 1842
Calibration procedurss) QA CAL-08.v30

Calibration procedure for the data acquisition electronics (DAE)

Calibration date: Movember 06, 2024

This calibration certificale documents the fraceability 1o natonsl standards, which realze the physical units of measurements {S1)
The measurements and the uncerdalnies with confidence probability are givan on the following pages and ane pad of the certilicate,

All calibrations hawe baen conducted in the closed laboratony facilty: environment temperatune (22 & 31°C and humidity < 70%.
Calibration Equipment used (METE critical for calibration)

'_r_’rll_m:s_.lr!l_Sja:ﬂar\ds 1D #

Cal Date {Carlficats No ) Sehedubed Calibration
Kazithiey Muffimeter Type 2001 SN 0B10278 27-Aug-24 (Mo40547) Aug-2h
Secondary Standands 10 # Cheack Date (in housa) Scheduled Check
Auto DAE Casbration Unit SE WS 053 AR 1001 23-Jan-24 {in house check) In house check: Jan-25
Calibrator Box V2.1 SE UMS 006 AA 1002 23-Jan-24 (in house check) In house chack: Jan-25
Name Function
Calibrated by Adrian Gehring Laboratory Techmician
| Approved by Svan Kihn

Technical Manager

IG5ued: Movember G, 2024

Thizs calibration certificate shall nod be reproduced except in full withaout written approval of the lsboratory.

Cartificate No: DAE4ip-1842_Mowv24 Page 1of 5
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Certificate of “SAM Twin Phantom V4.0, V5.0, V8.0

Schmid & Partner Engineering AG

S p e

a g

Zeughausstrasse 43, 8004 Zurich, Switzerland

Phone +41 44 245 9700

, Fax +41 44 245 9779

info@speag.com, http:ffwww.speag.com

Certificate of Conformity / First Article Inspection

Item 'SAM Twin Phantom V4.0 and V5.0
Type No QD 000 P40 C
Series No TP-1150 and higher
Manufacturer Untersee Composites
| Knebelstrasse 8, CH-8268 Mannenbach, Switzerland
Tests

Complete tests were made on the pre-series QD 000 P40 A, # TP-1001, on the series first article QD
000 P40 B # TP-1006. Certain parameters are retested on series items.

Test Requirement Details | Units tested
Dimensions Compliant with the geometry IT'IS CAD File * First article,
according to the CAD model. Samples
| Material thickness | 2mm +/- 0.2mm in flat section, in flat section, First article,
! of shell other locations: +/- 0.2mm with in the cheek area Samples,
respect to CAD file TP-1314 ff.
Material thickness | 6mm +/- 0.2mm at ERP First article, All
at ERP items
Material rel. permittivity 2 - 5, rel. permittivity 3.5 +/- 0.5 | Material
parameters loss tangent < 0.05, atf< 6 GHz | losstangent<0.05 | samples
Material resistivity | Compatibility with tissue Compatible with SPEAG Phantoms,
simulating liquids . liguids. ** Material sample
Sagging Sagging of the flat section in < 1% for filling height up Prototypes,
tolerance when filled with tissue | to 155 mm Sample testing
I simulating liquid.

* TheIT'IS CAD f

the other documents.

*

le is derived from [2] and is also within the tolerance requirements of the shapes of

MNote: Compatibility restrictions apply certain liquid components mentioned in the standard,

containing e.g. DGBE, DGMHE or Triton X-100. Observe technical note on material compatibility.

Standards

[1] OET Bulletin 65, Supplement C, “Evaluating Compliance with FCC Guidelines for Human Exposure
to Radiofrequency Electromagnetic Fields", Edition 01-01

[2] |EEE 1528-2003, "Recommended Practice for Determining the Peak Spatial-Average Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Technigues, December 2003

[3] IEC 62209-1 ed1.0, "Human exposure to radio frequency fields from hand-held and body-mounted
wireless communication devices - Human models, instrumentation, and procedures - Part 1:
Procedure to determine the specific absorption rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", 2005-02-18

[4] 1EC 62209-2 ed1.0, “Human exposure to radio frequency fields from hand-held and body-mounted
wireless communication devices - Human models, instrumentation, and procedures - Part 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)", 2010-03-30

Conformity

Based on the sample tests above, we certify that this item is in compliance with the uncertainty
requirements of hand-held SAR measurements and system performance checks as specified in [1 — 4]
and further standards.

Date 25.07.2011

Signature / Stamp

speag

Schmic & Eaginer Erigineering AG
ZeugiTausstrass# 43, 8004 Zurich wharlan
ey s B, Fag 778

vty enean.com

DocNo B81-QDO00OP40C-H

Page 1(1)
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Schmid & Partner Engineering AG

|»

Zeughausstrasse 43, 8004 Zurich, Switzerland
Phone +41 44 245 9700, Fax +41 44 245 9779
info@speag.com, http://www.speag.com

Certificate of Conformity / First Article Inspection

ltem SAM Twin Phantom V8.0
Type No QD 000 P41 A
Series No TP-1912 and higher
Manufacturer Untersee Composites
Knebelstrasse 8, CH-8268 Mannenbach, Switzerland
Tests

Complete tests were made on the pre-series QD 000 P40 A, # TP-1001, on the series first article QD
000 P40 B # TP-1006. Certain parameters are retested on series items.

Test Requirement Details Units tested
Dimensions Compliant with the geometry IT'IS CAD File * First article,
according to the CAD model. Samples
Material thickness | 2mm +/- 0.2mm in flat section, in flat section, First article,
of shell other locations: +/- 0.2mm with in the cheek area Samples,
respect to CAD file TP-1314 ff.
Material thickness | 6mm +/- 0.2mm at ERP First article, All
at ERP items
Material rel. permittivity 2 — 5, rel. permittivity 3.5 +/- 0.5 | Material
parameters loss tangent < 0.05, at f< 6 GHz | loss tangent < 0.05 samples
Material resistivity | Compatibility with tissue Compatible with SPEAG Phantoms,
simulating liquids . liquids. ** Material sample
Sagging Sagging of the flat section in < 1% for filling height up Prototypes,
tolerance when filled with tissue | to 155 mm Sample testing
simulating liquid.

the other documents.

*k

The IT'IS CAD file is derived from [2] and is also within the tolerance requirements of the shapes of

Note: Compatibility restrictions apply certain liquid components mentioned in the standard,

containing e.g. DGBE, DGMHE or Triton X-100. Observe technical note on material compatibility.

Standards

[1]1 KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

[2] IEEE 1528-2013, “Recommended Praclice for Determining the Peak Spatial-Average Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques, June 2013

[3] IEC 62209-1 ed1.0, “Human exposure to radio frequency fields from hand-held and body-mounted
wireless communication devices - Human models, instrumentation, and procedures - Part 1:
Procedure to determine 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

[4] |EC 62209-2 ed1.0, “Human exposure to radio frequency fields from hand-held and body-mounted
wireless communication devices - Human models, instrumentation, and procedures - Part 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

Conformity

Based on the sample tests above, we certify that this item is in compliance with the uncertainty
requirements of hand-held SAR measurements and system performance checks as specified in [1 — 4]
and further standards.

Date

Signature / Stamp/’m—

s peag

10.06.2015

Schrid & Partner Engineering AG
Zeughausstrasse 43, 8004 Zurich, Switzerland
Phone +41 44 245 9700, Fax +41 44 245 9779
info@speag.com, Htipwww.soeag.com

DocNo 881-QDO000P41A-A

Page 1(1)
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7 Certificate of “ELI Phantom V8.0"

Schmid & Partner Engineering AG § E e a q

Zeughausstrasse 43, 8004 Zurich, Switzerland
Phone +41 44 245 9700, Fax +41 44 245 9779
info@speag.com, http://www.speag.com

Certificate of Conformity / First Article Inspection

ltem Oval Flat Phantom EL! v8.0
Type No QD OVA 004 A
Series No 2048 and higher
Manufacturer Untersee Composites
Knebelstrasse 8, CH-8268 Mannenbach, Switzerland

Tests
Complete tests were made on the prototype units QD OVA 001 A, pre-series units QD OVA 001 B as
well as on some series units QD OVA 001 B, QD OVA 003 A and QD OVA 004A.

Test Requirement Details Units tested
Shape Interna! dimensions, depth and | Bottom elliptical 600 x 400 Prototypes
sagging are compatible with mm, Depth 190 mm,
standards dimension compliant with [1]
for f > 375 MHz
Material thickness | Bottom: dimension compliant with all
2.0mm +/- 0.2mm [3] for f> 800 MHz
Material rel. permittivity 2 — 5, rel. permittivity 3.5 +/- 0.5 Material
parameters loss tangent £ 0.05, atf< 6 loss tangent < 0.05 samples
GHz
Material Compatibility with tissue Compatible with SPEAG Phantoms,
resistivity simulating liquids . liquids. ** Material
sample
Sagging Sagging of the flat section in within tolerance for filling Prototypes,
tolerance when filled with height up to 155 mm samples
tissue simulating liquid.

*r

Note: Compatibility restrictions apply certain liquid components mentioned in the standard,
containing e.g. DGBE, DGMHE or Triton X-100. Observe technical note on material compatibility.

Standards

[11 KDB 865664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

[2] IEEE 1528-2013, "Recommended Practice for Determining the Peak Spatial-Average Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques, June 2013

[3] IEC 62209-1 ed1.0, “Human exposure to radio frequency fields from hand-held and body-mounted
wireless communication devices - Human models, instrumentation, and procedures - Part 1:
Procedure to determine 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

[4] |EC 62208-2 ed1.0, *Human exposure to radio frequency fields from hand-held and body-mounted
wireless communication devices - Human models, instrumentation, and procedures - Part 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

Conformity

Based on the sample tests above, we certify that this item is in compliance with the uncertainty
requirements of body-worn SAR measurements and system performance checks as specified in [1 — 4]
and further standards.

S p e a g
Date 10.06.2016 ; .
id & Partner Engineering AG
/ éughausstrasse 43, 8004 Zurich, Switzerland
Signature { Stamp one +41 44 245 9700, Fax +41 44 245 9779
info@speag.com, hitp:/fwww.speag.com
DocNo 881-QDOVAOO4A-A Page 1(1)
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8  Application Note System Performance Check

8.1 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 DASY 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.

8.2 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 DASY 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:

e 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
DASY system below + 0.02 dB.

e 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.

e 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.

8.3 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 DASY system:

* RF ambient conditions

« Dipole Axis to Liquid Distance

* Input power and SAR drift measurement

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

Note: All errors are given in percent of SAR, so 0.1 dB corresponds to 2.3%. The field error would be half of
that. The liquid parameter assessment give the targeted values from the dipole document. All errors are given
in percent of SAR, so 0.1dB corresponds to 2.3%. The field error would be half of that.
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System validation DASY 5/8 and cDASY6

In the tables below, the system validation uncertainty with respect to the analytically assessed SAR
value of a dipole source as given in the IEC/IEEE 62209-1528 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

DASY 5 - Uncertainty Budget for System Validation

Divisor

Source of Uncertainty | Probability ci | c; |Standard Uncertainty| v or

uncertainty Value Distribution (1g) [(10g) | £ %, (19) |£ %, (10Q)| Veit
Measurement System
Probe calibration + 6.6 % Normal 1 1 1 [+ 6.6%|+ 6.6% 0
Axial isotropy + 4.7 % | Rectangular| + 3 1 1 [+ 27%|+ 27 % 0
Hemispherical isotropy + 9.6 % | Rectangular| +V 3 0 O |£ 0.0%|+ 0.0% 0
Boundary effects + 1.0 % | Rectangular| +V 3 1 1 [+ 06%|+ 0.6% 0
Probe linearity + 4.7 % | Rectangular| +V 3 1 1 [+ 2.7%|+ 2.7 % 0
System detection limits + 1.0 % | Rectangular| + 3 1 1 [+ 0.6%|+ 0.6% 0
Readout electronics + 0.3 % Normal 1 1 1 |+ 03%|+ 0.3% 0
Response time + 0.0 % | Rectangular| 3 1 1 [+ 0.0%|+ 0.0% 0
Integration time + 0.0 % | Rectangular| + 3 1 1 [+ 0.0%|+ 0.0% 0
RF ambient conditions + 1.0 % | Rectangular| + 3 1 1 [+ 0.6%[|+ 0.6% 0
Probe positioner + 0.8 % | Rectangular| V 3 1 1 [+ 05%|+ 05% 0
Probe positioning + 6.7 % | Rectangular| + 3 1 1 [+ 39%[+ 3.9% 0
Max. SAR evaluation + 2.0 % | Rectangular| + 3 1 1 [+ 1.2%[|+ 12% 0
Dipole Related
Dev. of exp. dipole + 5.5 % | Rectangular| v 3 1 1 [£ 3.2%|+ 32% 0
Dipole Axis to Liquid Dist. | + 2.0 % [ Rectangular| + 3 1 1 [+ 1.2%[|+ 12% 0
Input power & SAR drift + 3.4 % | Rectangular| + 3 1 1 [+ 20%[|+ 20% 0
Phantom and Set-up
Phantom uncertainty + 4.0 % | Rectangular| +V 3 1 1 [+ 23%|+ 2.3 % 0
SAR correction + 1.9 % | Rectangular| + 3 1 0841+ 1.1%|+ 0.9% 0
Liguid conductivity (meas.)] = 5.0 % Normal 1]1078]071]+ 3.9%|+ 3.6% 0
Liquid permittivity (meas.) | + 5.0 % Normal 1]1026]026]|+ 1.3%|+ 1.3% 0
Temp. unc. - Conductivity + 1.7 % |Rectangular| v 3 ]0.78]0.71[+ 0.8 %[+ 0.7 % 0
Temp. unc. - Permittivity + 0.3 % | Rectangular| v 3 ]0.23]0.26[+ 0.0%[+ 0.0% 0
Combined Uncertainty + 10.7 % |+ 10.6 % | 330
Expanded Std. +21.4 %+ 21.1 %
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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cDASY 6 - Uncertainty Budget for System Validation

for the 0.3 - 6 GHz range

Source of Uncertainty | Probability |[DMsor| ¢ | c; | Standard Uncertainty | v or

uncertainty Value Distribution (19) | (10g) | + %, (1g) |£ %, (10Q)| Vet
Measurement System
Probe calibration + 6.6 % Normal 1 1 1 [+ 66%|+ 6.6% o0
Axial isotropy + 4.7 % |Rectangular| V3 1 1 |+ 27%|x 2.7% o0
Hemispherical isotropy + 9.6 % [Rectangular| V 3 0 0 [+ 0.0%|+ 0.0% 0
Boundary effects + 1.0 % |Rectangular| v 3| 1 1 |+ 06%|+ 06%]| =
Probe linearity + 4.7 % |Rectangular| V3 1 1 |+ 27%|x 2.7 % o0
System detection limits + 1.0 % |Rectangular| V3 1 1 |+ 06%|+x 0.6% o0
Modulation Response + 0.0 % |Rectangular| 3 1 1 | 00%|+ 0.0% o0
Readout electronics + 0.3 % Normal 1 1 1 [+ 03%|+ 0.3% 0
Response time + 0.0 % |Rectangular| v 3 1 1 |+ 00%|+ 0.0% o0
Integration time + 0.0 % |Rectangular| 3 1 1 |+ 00%|+x 0.0% o0
RF Ambient Noise + 1.0 % |Rectangular| 3 1 1 |+ 06%|+x 0.6% 0
RF Ambient Reflections + 1.0 % | Rectangular| V3 1 1 |+ 06%|+x 0.6% 0
Probe positioner + 0.04 % | Rectangular| V3| 1 1 |+ 0.0%|+ 00%]|
Probe positioning + 0.8 % |Rectangular| + 3 1 1 |+ 05%|+ 05% 0
Max. SAR evaluation + 0.0 % |Rectangular| 3 1 1 |+ 00%|+x 0.0% o0
Dipole Related
Dev. of exp. dipole + 55 % | Rectangular 3 1 1 |+ 32%|x 3.2% o0
Dipole Axis to Liquid Dist. + 2.0 % |Rectangular| + 3 1 1 |+ 12%|+ 1.2% 0
Input power & SAR drift + 3.4 % |Rectangular| 3 1 1 |+ 20%|+x 2.0% o0
Phantom and Set-up
Phantom uncertainty + 4.0 % |Rectangular| V3 1 1 |+ 23%|x 2.3% o0
SAR correction + 19 % Normal 1 1 0841+ 19%|+x 16% o0
Liquid conductivity (meas.)°"K| + 2.5 % Normal 11078[071|+ 20%|+ 18%|
Liguid permittivity (meas. ) | + 25 % Normal 1[023[026|+ 06%|+ 07%]| =
Temp. unc. - Conductivity®® + 34 % |Rectangular| V31078071 [+ 15%[+ 14%| «
Temp. unc. - Permittivity®® + 0.4 % |Rectangular| ¥ 3 [023(0.26|+ 0.1%|+ 0.1%]|
Combined Uncertainty + 95%(x 94 %
Expanded Std. Uncertainty + 19.0 %+ 18.8 %

Table 2: Uncertainties of a system validation with cDASY6 (0.3-6GHZz).

The RF ambient noise uncertainty has been reduced to +1.0, considering input power levels are = 250mW.

Footnote details:

BB if SPEAG's broad-band liquids (BBL) are used that have low temperature coefficients;

DAK'if SPEAG's high precision dielectric probe kit (DAK) is applied.
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Uncertainty Budget for System Validation
(Frequency band: 300MHz - 6GHz range) with DASY8 System

. Uncertainty | Probability | . . Ci c; |Standard Uncertainty

Symbol Error Description L Divisor
Value Distribution (19) | @0g) | + %, (19) |J_r %, (10g)

Measurement System Errors
CF Probe Calibration Repeat. | + 13.1 % Normal 2 1 1 + 9.3%|+x 9.3%
CFKdrift |Probe Calibration Drift + 1.7 % |Rectangular| v 3 1 1 + 1.0%|+ 1.0%
LIN Probe linearity + 4.7 %|Rectangular| Vv 3 0 0 + 0,L0% |+ 0.0%
BBS Broadband Signal + 0.0 %|Rectangular| Vv 3 0 0 + 0.L0% |+ 0.0%
ISO Probe Isotropy (axial) + 4.7 %|Rectangular| Vv 3 0 0 + 00% |+ 0.0%
DAE Data Acquisition + 0.3 % Normal 1 0 0 + 0.0% |+ 0.0%
AMB RF Ambient + 0.6 % Normal 1 0 0 + 0.0% |+ 0.0%
Agys Probe Positioning + 0.5 % Normal 1 10291029 | 0.1%|+x 0.1%
DAT Data Processing + 0.0 % Normal 1 1 1 + 0.0% |+ 0.0%
Phantom and Device Errors
LIQ(o) Conductivity (meas_)DAK + 25 % Normal 1 0781071 | £ 20%|x 1.8%
LIQ(To) |Conductivity (temp.)B8E + 3.4 %|Rectangular[ V3 |0.78(0.71 |+ 15%|+ 1.4 %
EPS Phantom Permittivity + 14.0 % | Rectangular | Vv 3 0 0 + 0.L0% |+ 0.0%
DIS Distance DUT - TSL + 1.3 % Normal 1 2 2 + 26 %|x 2.6 %
MOD DUT Modulationm + 0.0 %|Rectangular| v 3 1 1 + 0L0% |+ 0.0%
TAS Time-average SAR + 0.0 %|Rectangular| Vv 3 1 1 + 0.0% |+ 0.0%
VAL Validation antenna + 32 % Normal 1 1 1 + 3.2%|x 3.2%
Pin Accepted power + 20 % Normal 1 1 1 + 20% |+ 2.0%
Correction to the SAR results
C(e, o) |Dewvation to Target + 1.9 % Normal 1 1 0.84 |+ 1.9%|+x 1.6%
u(ASAR)|Combined Uncertainty + 10.8 % |+ 10.7 %
U Expanded Uncertainty +21.7 % |+ 21.5 %

Table 6.2.1: Uncertainty of a system validation with DASY8 system (300MHz - 6 GHz).

The RF ambient noise uncertainty has been reduced to + 1.0, considering input power levels are = 250mW.
All listed error components have 7 e f fequal to «.
Footnote details:

BB if SPEAG's broad-band liquids (BBL) are used that have low temperature coefficients;
DAK'if SPEAG's high precision dielectric probe kit (DAK) is applied.

Page 36 of 38




advanced

Appendix No.: 1-7623-24-02-05_TR1-A201-R01 @ cetecom

8.4 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 Y
Signal Low cable
Generator Pass [:AttB } } @

- Att2 L
® ———(w) (ne)

) —=
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 250mW output
can be quite noisy). An attenuator between the signal generator and amplifier is recommended to protect
the amplifier input.

e 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.

e 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.

e 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.)

e 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.

e 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.

e 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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e 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.

8.5 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 DASY 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.qg. 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.

8.6 Additional system checks

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

e 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.

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

* The probe isotropy can be checked with a 1D-probe rotation scan above the feed point. The automatic
probe alignment procedure must be passed through for accurate probe rotation movements (optional
DASY 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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