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2 Calibration report “Probe EX3DV4” — SN: 3944

libration Laboratory of T S Schweizerischer Ksilbrierdienst
g:m:; Y PR Y ¢ Servics suisse d'étalonnage

Fult & £aries acwurA Sorvizio svizera di taratura
Engineering AG L S Swiss Calibration Service
Zeughaussirasse 43. 8004 Zurich, Switzerland o
Accredited by the Swiss Accredtasion Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Seevice is cne of the signatories 1o the EA
Multilateral Agreement for the recognition of callbration certificates

- — ——

client | Cetecom Advanced Certficate No. | EX-3944_May24
Ssarbricken, Germany
| CALIBRATION CERTIFICATE ]
Ctject EX3DV4 - SN:3944 '
Calbration procedurels) QA CAL-01.v10, QA CAL-12.v10, QA CAL-14.v7, QA CAL-23.v8,
QA CAL-25.v8 |
Calibration procedure for dosimetric E-field probes

Calibrasicn date May 21, 2024
Thscabmmm!mooeumcms mcuwnﬂonalmlwun ‘which realize the ical urits of (59,
The and the ‘with contid probabicy ase given on e lolowing pages &nd are par of the cerlitcate.

All calibrations have been conducled in the chksed Rboralory Saciily. ecwifronment lemperalure (22 + 3)°C ard humidty « 70%
Catbravon Equpmant used (MBTE critical lor clivration)

[ Primary Sandards 1D Cal Dare (Covticane No.j | Scheduled Calibrason

Powear mew: NRP2 SN 104778 26-Mar-24 [No. 21704036°04037) wazs
_ Power sansor NRP-291 SN 103244 “26-Mar-24 (No. 217-04036) War 25

“OCP DAK 35 {weightad) SN; 1249 0&-Oct-23 [OCS DAK3 5.1249_Oxiz3) Oct-24
| OCP DAK:72 SN; 1016 0E-Oct-23 (OCH-DAK12:1016_0ctz3) Oct-24

Ficference 20 of Attervaior | ﬁ ocz' 552 (20%) F5-War-24 (No. 217-04048) v 25

DAE4 Z3-Feb-24 (No. DAEA-660_Feb24) Fon 25

| Redarence Probe EXIDVA su ms 03-Now 23 (NG, EX3-7349_NavZ23] Nov-24 7

Seconcery Standards ) Chack Dae (in house) Scheded Checy |

Bower meler £44198 SN GBarzssale 05 Apr- 16 (n house chack Jun-22) 1 house chack: Jun-24

Fower sensor E4412A SN MY41490067 66-~x 16 (n house check An 22) In house checy. Jun-24
Power sensor E4412A_ | SN: 000110210 | 06-Ape-16 (i house check An-22) Inhouse chece Jun-24 |
| AF generator HP 8646C | SN US3642001700 | 04-Aug- [in house check Jun-22) | In house chacx: dn24 |

Notwork Analyzer SE3584 | SN:USETOBOATS T 31.Mar 14 (in house check Ocr22) in house checx Oct2a |

Nama Function .
Carbrated by Jaanna Lieshaj Laboratory Techricn [ffﬁd&l £
Appeaved oy Sven Kihn Tochnica) Manager ‘Is = &)
@ -~

J Issad: May 21, 2024
This calration certficale shat not be reproduced except in full without writien appeaval of the ‘aboratory.

Certificate No: EX-3844_May24 Page 1 of 22
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Laborato Lo Schwelzerischer Kallbrierd
Callbration ry of 280 $ Service suisse d'dalonnage
Schmid & Partner A € Servizio svizzero & taraturs
Engineering AG barep. S Swiss Calibration Service
Zeughaussirasse <3, 8004 Zurich, Switzerand N

Accraciled by e Swiss Accreditation Service (SAS) Accrediation No.: SCS 0108
The Swiss Accreditation Service Is one of the signatories 1o the EA

Multiiateral Agr for the recog of calibration cenificates

Glossary

TSL tissue simulating Iqud

NORMx vz sensitvity in free space

ComwF sensitvity in TSL/ NORMx,yz

DCcP diode comprassion point

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

A B.C.D modulation dependent inearzaton parameters

Polanzation ¢ @ rotason around probe axs

Polarization # & rolation around an axis that is in the plane normal 10 probe axis [at measurement center), ie, 0 =0is
normal to probe axis

Connector Angle  Information used in DASY system 1o align probe sansor X 10 the robot coordinate system

Calibration is Performed According to the Following Standards:

a) IEC/IEEE 62209-1528, "Measurement Precedure For The Assessment Of Specific Absorption Rate O Human Exposiure
To Radlo Frequency Fields From Hand-Held And Body-Worn Wireless Communication Devices - Part 1528; Hyman
Modeis, Instrumentation And Procedures (Frequency Range of 4 MKz 10 10 GHz)", Octaber 2020,

b) KDB 865684, “SAR Measurement Requirements for 100 MMz 1o § GHz*

Methods Applied and Interpretation of Parameters:

* NOFRMx y.2: Assessed for E-finki polarzation 0 = 0 (f < B00MHz in TEM-ce?; f > 1800MHz: R22 waveguide). NORMx,y.2
are only intermediste values, i.e., the uncertanties of NORMx.y.z does not affect the E¥field uncartainty inside TSL (see
below ConvF).

« NORMflx.y.z = NORMx y.2 * frequency._response (see Frequency Response Chart). This linearization is implemented in
DASY4 software versicns iater than 4 2. The uncertainty of the frequency response is included In the stated uncertainty of
CorwF.

* DCPx.y.z: DCP are numarical lin tion parametars d based on the data of power sweep with CW signal. DCP
does not depend on frequency nor media.

* PAR: PAR & the Peak to Average Ralio that Is not calibrated but determined basad on the signal characteristics

= Axyz; Bryz; Cryz; Dxy2; VRxyz: A, B, C, D are numencal lnearization parameters assessed sased on the data of
power sweep for specilic modufation signal, The paramaters o not depend an Irequancy nor media. VA is the maximum
calibration range expressed in RMS waltage across the dioda

+ ConvF and Boundary Effect Pa levs: Assessed in fat phantom uging E-field (or Temperature Transtar Standard for
f = 800MHz) and inside waveguide using analytical field distriutions based on powsr measuraments for > 800MHz. The
same selups are used for t of the p ters appiied for boundary compensation (alpha, depth) of which typical

uncerignty values are given, Thesa paramelers are used in DASY4 soltwara to improve probe aceuracy close to the
boundary. The sensitvity in TSL coresponds to NORMx,y.z * ConvF wheredy the uncertanty corresponds 10 that given for
CorwF. A frequency dependent ConvF is used in DASY version 4.4 and higher which alows exiending the validity from
+50 MHz to = 100 MHz.

+ Sphericai isotropy (3D deviation from isotropy): a lield ol low gradients raaized using a fiat phanlom exposed by a paich
antenna.

* Senisor Offset: meoﬁwm«ospows!omoﬂmolvrmalmammcwwvfromlmpvobelb(mmbcaxis).

No tolerance required.

+ Conniector Angle: The angle is assessad using the information gained by determining the NORMx (no uncertainty required).

Certificate No; EX-3944_May24 Page 2 of 22
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EX30V4 - SN-3844 May 21, 2024

Parameters of Probe: EX3DV4 - SN:3944

Basic Calibration Parameters
Sensor X SensorY | SensorZ  Unmc(k=2)
Norm (pV/(vim)*) A 056 061 042 L #101%
OCP (mv) B 1012 w007 | 1038 14.7%

Calibration Results for Modulation Response

nm*{mmm A .| © 1] VR | Max | Max
d& | dB, vV d8 | mV | dev. | UncF
| | k=2
0 (] TIXTT600 T 000 | 100, 000 1208 | =12% | t4.7% |
000 | 006 | 100 1407
000 0.00 7100 | 7323
10352 | Pulse Wavelorm (20012, 10%) 2000 | 9222 | 2158 10, 600 | 128% | 19.6% |
72000 | 9534 | 2411 "800 |
20.00 BA.48 15.00 | €00

10353 | Puise Wavelorm (200Hz, 20%)

2000 9354 | 2135 609 800 | +1.3% | +0.6% |
i 2372 0 \

2000 1 8018 1875 800
2000 | 9785 | 2220| 368 | 850  £13%  296%
2000 | 100885 2431 95 [
2000 | 9531 | 1aa 850 |
0

10354 | Puise Wanelorm (200Hz, 40%)

‘qx N < x| <[> <{x N <
8
2
&
=

10 Ise Wavelorm (200HzZ, 60%) 2000 | 0486 | 2440 | 222 | 1200 | £1.9%  £9.8%
2000 | 107.27 | 25487 1200 |
2000 | 10443 | 2373 1200 |
10387 | QPSK Wavelorm, 1MHz 'X] 180 | 6591 | 1559 100 | 1500 | <1.7%  +98%
CAREE ) g5.18 | 1541 T150.0 |
e | TZTi7a eTe0 | 1567 1500
10368 | QPSK Wavedorm, 10MHz X | 240 | 6903 | 1630 | 000  150.0 | =1.1%  +9.6%
Y| 248 &888 | 1608 150D |
—— Z| 2z w883 | 1627 | 15000 |
10396 | 64-OAM Wavelorm, 100 kHz X| 288 7010 | 1856 | 301 | 1500 | =08% | £96%
344 7176 | 1929 79500 |
| — Z| 263 | 7061 | 1896 560 |
10399 | 54-GAM Wavedorm, 40 MHz X| 350 6704 | 1580 0.00  150.0 | +0.7% | +9.6%
(Y| 358 | 6702 | 1573 1500
o [Z] 7842 &35 | 575 1500
10414 | WLAN CCOF, 84-QAM, 40 MHz IX| 48B4 6548 | 1546 0.00  150.0 | +1.7% | +9.6%
Y| 488 6545 | 1544 1500 |
. [z 4711 esas | 54 1500 |

Note: For datalls on UID parameters see Appendix

Tmrmumﬁimdmmmisslmdamowmmolmeuunmommmpledwmemam
facier k=2, which for a normal distribution carresponds 1o 2 coveraga probabilty of agproximately 85%.

 Tha uncertantes of Norm X.Y,2 20 not aflect the E2.fekd uncertsinty irsds TS5L [see Pages 5 and 61
© Urmaraation parametsr uncertainty for masieus spesiind M shengh
€ Uncertanty s determired using e max. & o knear apoiying Qular dunon and is Kepresiec ke the saue ol ho Seid valoe.

Cartéicate No: EX-3944_May24 Page 3 0f 22
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EX30V4 - SN3044

May 21, 2024
Parameters of Probe: EX3DV4 - SN:3944
Sensor Model Parameters
ci « T T2 T3 T4 15 T8
Lid L mev? | mav-! ms | v? LBl e
X 380 3489 21.26 0.00 510 0.82 029 1.00
Ty | 0B | 44638 | 3830 | 2200 | 060 510 | 135 038 101
[z 384 34.06 1214 0.00 503 | 154 0.02 1.00
Other Probe Parameters
e A Triangukar
Connecter Angle - 18
Mechanical Surface Detection Mode enabied
Optical Surface Detection Mode disabled
Probe Overall Length 337 mm
Probe Body Diameter 10mm
Te Length Smm
Tip Diamatar 1 25mm
Probe Tip 1o Sensor X Callbration Point - Amm
Probe Tip 1o Senser Y Calibration Point Tmm
| Probe Tip to Sensor Z Calibration Point I
[hmdeMeuumm_r_\!\Pg{m!mSm - | 14mm

Note: Moasuremant clsiance bom surace can be increased 10 34 mm kor is Ay Scan job,

Certificate No: EX-3944_May24

Page 4 of 22
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EX30V4 - SN:3944 May 21, 2024

Parameters of Probe: EX3DV4 - SN:3944
Calibration Parameter Determined in Head Tissue Simulating Media

1(MHz)® | Relative | Conductivity"  ConvF X | ConvF Y i ComFZ | Apha® | Depth®  Unc
Pormittivity” (s/m) (mm) | (k=2)
ol 550 0.75 1960 | 1960 | 1960 | 000 125 | +133%
13 550 078 17276 | 1778 | 1778 | o000 125 | +133%
450 as . om7 M5 | 18 | nas | 016 130 | +133% |
800 427 0.88 1066 | 1066 | 1066 | 010 125 | +133%
750 419 089 817 | 1002 943 | o037 127 | 411.0%
850 415 0.82 897 5.49 929 | o037 127 | 411.0%
800 415 | 097 8.687 968 | B85 o 127 | 211.0%
1450 405 1.20 8.07 852 | 827 0.35 127 | +11.0%
1640 402 131 7.84 8.44 815 032 127 | +11.0%
1750 401 137 7.79 8.41 804 0325 127 | +11.0%
1900 400 140 767 | 822 788 | 028 127 | s11.0% |
2150 87 153 751 803 | 770 | 029 127 | +110%
2300 395 167 | 74 7.90 759 028 127 | +11.0%
2450 392 180 723 785 749 | 029 127 | s11.0%
2600 390 1.98 721 768 733 | o028 12T e110%m
3300 @2 27 667 708 676 | 034 127 | +131%
3500 7.0 281 68 | T2 667 | 034 127 | 131%
3700 377 312 652 | 684 | 681 | 035 127 | 2131%
| s200 360 486 534 | 565 5% | 036 15 | +13.1%
5300 359 . a7e 520 | 541 509 0.39 185 | +13.1%
5500 356 496 a7 504 | 478 0.41 160 | £13.4%
" 800 355 507 a2 | a8 | 461 | o3 173 | s131%
5800 353 527 467 485 a5 | 041 178 | =131% |

°mmmcymmwv-wow.w.wmumkumm(mmm olse il 5 msltricted 10 $S0MHz The uncertainty is tre

FSS of the Com unceinnty af caloralon fraquancy and Se frequancy band. Froqueccy viddity be'ow J00MHz = £10, 25,

40, 50 and 70Nz tor Com P assessments at 30, 64, 128, sm.mmmmywawmucmu-ow and Comne

mmswzunnw Acove 6 GH2 Irequency val dity can be etuncid 1o £110 M
mmmcvmmmnwowumm”v;wcwmm:nmmwm'wvmm 13%)

and are vad 1o¢ TSL with caviations of up 19 + 10% € SAR corecton & apgiied

G MphaDepth arg cetermmiond Curing cak SPEAG that the g e 10 e Boundany efec) alfer compensaton s Jways loss

an £1% for frequencies beiow 3 GHZ ard Dalow 12% 1or Meguenciss betwwen 3-8 GHZ of any distance larper than hal the probe 19 clamener 1om
zourdary.

Certificate No: EX-3944_May24 Page 5 of 22
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EX30V4 - SN:3544 May 21, 2024

Parameters of Probe: EX3DV4 - SN:3944
Calibration Parameter Delermined in Head Tissue Simulating Media

| t(MH2° | Relative | Conductivity" | ConvFX | ConvFY | ConvFZ | AiphaS | Depth®  une |
Pelmisbony” {8im) | | tow) | ke=2)
6500 M5 i 6.07 558 5:73 553 | 020 1.27 =18.6%

% Froguonoy valictyy at 6 5GHz 5 - B0 TODMH2, and + 700 M-z a! o abowve 7 Gez Tre uncetanty & the ASS of e Conf uscerainty Al cnibation
1p3uency and 1o Lnzetanty Lr the ndcaled Inguescy Sand

F Tom prstes e caltraled usieg Sesue smulating dquics (TSL) that deviate o ¢ 9°d & Dy 'ess than = 10% fom Pe target vakues [hypcaly bemer fran 16%)
ang wre vabd for TSL with deviaiors of wp 10 210%

& AphaDeprh ae Cetarmines duing calbricn, SPEAG wieriets 1Al 1 temanng devaton tus 1o the boundary stiect aber compans=ion & stways less
thiw 9% lor fracuancins below 3G, below 22% for fragquancies batween 3-6GHz: anc below £4% 1or irequerdies detween 6-10GHZ a1 any dstance
Larger than hal (he probe 1p clamater #om e doundary.

Cartificate No: EX-3944_ Meay24 Page € of 22

Page 8 of 94




advanced

Appendix no.: 1-6411-23-01-40_TR1-A201-R01 e Cetecom

EX30V4 - SN3%44 May 21, 2024

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

08

Fraquency response (normalzed)
L
.
+
L
>
-

08

0.7

0.6

. _ . =]
089200 400 500 300 1000 1200 1430 1600 1800 2000 2200 2400 2600
f [MHz]

= TEM + R22

Uncenanty of Frequency Response of E-ield: +8.3% (k-2)

Cerlificate No- £X.3944_May24 Page 7 of 22
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EX30V4 - SN 3944 May 21, 2024
Receiving Pattern (¢), 9 =0°
(=600 Mz, TEM, 0" 1=1800 MHz, R22, 0°
90’ 50°
P -—X | S TR —-— X
i858 e 45 | . ¥ 128¢ " N 45° |- Y
/ L 0 . \ z /, - - . < ’ z
Y, e L Tot / e ‘ \. Tot
/ ’ b ' : \‘. f g . " : \
( H e ! _agh Il " : A ! g \

- ar - \
Cepaflie s g

‘e |
180° | - . ..','_.(Q._L‘_M_,.kl., 12 » o 180" .
. 5 f

| .- | ¥,
'.\ 4 Y .- 1," \ P y ¢ " ""
\ . B . / \ . . ’» o p
) . . - \ , . .
N N 7 4 N\ - “ : //
225" Pt 2255 : 3150
270 2707
05
% 0‘—.‘.‘4—&.-1'"‘::::,'i‘tt;l.—o'*':'::—:.“
E = e g - a5
05
0 80 120 180 240 300 360
Roll [°]
« 100MHz - 60D MH2 1800 MHz - 2500 MHz
Uncertainty of Axial Isolropy Assessment: =0 5% (k=2)
Cartficata No: EX-3944_May24 Page B of 22
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EX30V4 - SN:3344 May 21, 2024
Dynamic Range f{SARp.aa)
(TEM cell, 1, = 1900MHz)
108
10°
i
5 "
2 10* z
2 %
&
g |
- 103’
107 i
= 107* 10! 10° 10 10°
SAR [mWicn?)
= not compensated « . comgensated
2
1
o |
=
5 0 Mt o 70 RS G e San
= .
-1
-2l = oy
1072 10 107 10! 102
SAR [mWiem?®]
= not compensated + compensaled
Uncertainty of Linearity Assessment: +0.6% (k=2)
Cartdicate No: EX-3944_May24 Page S of 22
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EX30V4 - SN3844

SAR [(Wikg)WV]

-1 -08 -06 -04 -02 O 02 04 06 CB
Uncertainty of Spherical isotropy Assessment. +2.6% (k=2)

Conversion Factor Assessment

121800 MHz, WGLS R22 (H_comvF)

0 10 20 30 40
z {mm)

- analytcal - measured

Deviation from Isotropy in Liquid

Error (@, 8), f = S00MHz

1

May 21, 2024

Certificate No: EX-3944_May24
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3 Calibration report “Probe EX3DV4” — SN: 7852

Calibration Laboratory of
Schmid & Partner

Engineering AG

Zoughausstrasse 43, BO04 Zurich, Switzerland

Accradited by the Swss Accredilation Service (SAS)
The Swiss Accreditation Service Is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

e S
ottt

S Schweizerischer Kalibrierdienst

c Service sulgse d'étalonnage
Servizio svizzero di taratura

S Swiss Colibration Service

Accreditation No.: SCS 0108

Client Cetecom Advanced Certificate No. EX-7852_Nov24
Saarbricken, Germany |
CALIBRATION CERTIFICATE J
[ ]
Objact EX3DV4 - SN:7852
Caibration procedure(s) QA CAL-01.v10, QA CAL-12.v10, QA CAL-14.v7, QA CAL-23.v6,
QA CAL-25.v8

Caibration date November 13, 2024

Calibration procedure for dosimetric E-field probes

This calioration cerfificate documents the iracsability to national slandards, which realize tha physical units of measurements (SI).
The measurements and the uncertainties 'with confidence probabilty are given on the lolowing pages and are part of the certéicate.

All calibratons have been conducted n the closed laboratory faclity: eméronment tlemperature (22 + 3)°C and humikdity < 70%,
Calibration Equipmant used (MATE critical for calibeation)

mary Standards [ 1D Cal Date {Certilicate No.) [ Scheduled Calibeation
Powar meter NAP2 | SN: 104778 26-Mar-24 {No. 217-0403604037) Mar-25
Pawer sersar NAP-291 SN: 103244 26-Mar-24 No, 217-D4036) Mar-25
OCP DAK-3.5 [weighted) SN:1249 23-Sep-24 (OCP-DAKS.5-1248_Sep2d) Sep-25
OCP DAK-12 SN 1016 24-Sep-24 (OCP-DAK12-1016_Sap2d) Sap-25
Reference 20 0B Aflanugioe | SN: CC2552 (20%) 26-Mar-24 (No. 217-04046) Mar-25
DAEZ SN: 660 23-Fob-24 (No, DAEZ-860_Feb2d) Fen-25
Roleronce Probe EXADVA | SN. 7349 03-Jun-24 (No. EX3-7349_Jur24) 25

["Secandary Standards D Cneck Dade {in hause) Scheduied Chack
Pawee maler E44198 SN GBa1293874 06-Apr-16 (in house check Jun-24) in house chack: Jun-26
Power sensor F44124 SN: MY41488087 06-Apr-16 {in NOUSE check Jun-24) In heuse check: Jun-26
Power sensor E4412A SN:D30110210 05-Apr-16 {in house check Jun-24)

In house check: Jun-26

RF peneralor HP BEABC | SN: US364200170

0

04-Aug-99 (in hause chedk Jun-24)

i houge ched: Jun-26 |

Network Analyzer EBISEA | SN; US1080477

31-Mar-14 (in housa checs Sep24]

in house check: Sep-26

Name
Calorated by Jeffrey Katzman
Approved by Sven Kilhn

This calbratan certificate shall nat be repraduced excapt in full without written approval of the laboratory.

Function
Laboeratory Technician

TH

e, AL

issuad; November 13, 2024

Certficate No: EX-7852_Nov24
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Calibration Laboratory of \\@, S :m::'nl-:r:r K“::OMMM t
Schmid & Partner i C  garvisio avizzero di arstura
Engineering AG s S Swiss Calibration Service
Zeughaussirassa 43, 8004 Zurich, Swazerland RN
Accredited by the Swiss Accreditation Sarvice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service s one of the signatories 10 the EA
Multilateral Agreement for the recognition of calibration certificates

Glossary

TSL tissue simulating liquid

NORMx,y.z sensitivity in Iree space

ConvF sensitivity in TSL / NORMx,y.z

DCP diode compression paint

CF crest factor (1/duty_cycle) of the RF signal
A,B.CD medulation dependent linearization parameters

Polarization ¢ @ rotation around probe axis

Polarization 8 1) rotation around an axis that is in the plane normal to probe axis (al measurement center), Le., #=0Is
normal to probe axis

Connector Angle  information used in DASY system to align probe sensor X lo the robot coordinate system

Calibration is Performed According to the Following Standards:

a) IEC/IEEE 62208-1528, "Measurement Procedure For The Assessment Of Specific Absorption Rate O1 Human Exposure
To Radio Frequency Fields From Hand-Held And Body-Worn Wireless Communication Devices — Part 1528: Human
Models, Instrumentation And Procedures (Frequency Range of 4 MHz to 10 GHz)", Cclober 2020,

b} KDB B65664, "SAR Measurement Requirements for 100 MHz to 6 GHz"

Methods Applied and Interpretation of Parameters:

« NORMx,y.z: Assessad for E-fiekd polarization & = 0 {f = 90DMHz in TEM-cell; { > 1800 MHz: R22 waveguide). NORMx.y,z
are only intermediate values, i.e.. the uncertaintias of NORMx y,z does not affect the E=-field uncertainty inside TSL (see

below CorwF).

NORM{f)x.y.z = NORMx,y.z * lrequency_response (see Frequency Response Chart). This linearization is implemented in

DASY4 software versions later than 4.2, The uncertainty of the lrequency respanse is included In the stated uncertainty of

ConvF.

DCPx,y,z: DCP are numerical linearization parameters assessed based on the data of power sweep with CW signal. DCP

does not depend on frequency nor media.

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

Ax.y.z; Bxyz; Cxyz: Dxy.2; VRx,y.z: A, 8, C, D are numerical linearization parameters assessed based on the data of

power sweep for specific modulation signal. The parametars do not depend on frequency nor media. VR is the maximum

calibration range expressed in RMS vollage across the diode.

ConvE and Boundary Effect Parametars: Assessed in flat phantom using E-field (or Temperature Transfer Standard for

f = 800 MHz) and inside waveguide using analytical field distributions based on power measurements for { = B00MHz. The

same selups 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 to the

boundary. The sensitivity in TSL corresponds to NORMx,y.z * ConvF whereby the uncertainty corresponds 1o that given for

ConvF, A frequency dependent ConvF is used in DASY version 4.4 and highar which allows extending the validity from

+50MHz to +100 MHz.

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

Sensor Offset- The sansor offset comesponds to the offset of virtual measurement center from the probe tip (on probe axis).
No tolerance required.

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

Certificate No: EX-7852_Nov24 Page 2 of 22
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EX3DV4 - SN:7852 November 13, 2024

Parameters of Probe: EX3DV4 - SN:7852

Basic Calibration Parameters
[ SensorX |  SensorY Sensor Z Unc (k=2)
| Norm (pVi(Vim)2) A 0.5 058 0.57 +101%
| oce (mv) B 1086 109.0 110.7 147%
Calibration Results for Modulation Response
"UID | Communication System Name | T T B c D VR | Max | Max
dB8 | dB/pV d8 | mV | dev. | UncE
k=2
0 CW X | 000 0.00 1.00 | 0.00 | 1335 | +2.2% | =4.7% |
Y| 0.00 0.00 1.00 1456
Z| 000 000 | 1.00 1371
10352 | Pulse Waveform (200Hz, 10%) X1 142 | 6017 | 6431 1000 | 60.0 | +29% | +9.6%
Y| 156 | 6074 644 60.0 |
Z| 1% | 8128 | 872 60.0 |
10353 | Puise Waveform {200Hz, 20%) X | 1000 | 72.00 900 699 | 800 | +2.5% | =9.6%
Y| 084 6000 | 497 80.0 |
2| 684 6000 | 497 80.0
10354 | Pulse Wavelorm (200Hz, 40%) X 042 | 6000 404 | 398 | 950 | +1.8% | +9.6%
Y| 2400 | 7200 7.00 95.0
Z | 2400 | 72.00 7.00° 95.0
10355 | Pulse Wavelorm {200Hz, 60%) X 1005 | 157.34 333 | 222 | 1200 | £1.8% | =9.6%
Y| 1124 | 15461 11.23 1200
Z| 880 15892 614 1200
10387 | QPSK Wavelorm, 1 MHz X 061 6514 | 1347 | 100 | 150.0 | £3.1% | +9.6%
Y| 050 62 B8 11.95 | 150.0
-« Z| 048 | 6403 | 1294 1500
10388 | QPSK Waveform, 10MHz X| 142 | 6692 | 1442, 000 | 1500 | =1.0%  9.6%
Y127 6548 | 1347 150.0
Z| 130 | 6676 | 1398 | 150.0
10396 | 64-QAM Wavelorm, 100kHz X 180 65.40 16.25 | 201 | 150.0 | +0.9% | +9.6%
Y| 170 €445 | 1561 1500 |
Z| 1.7 8515 15.96 | 1500
10399 | 64-QAM Wavelorm, 40 MHz X | 289 | 6682 | 1534 0.00 | 150.0 | +1.5%  29.6%
Y| 277 6626 | 14.95 150.0
Z| 277 | 6681 | 1524 1500
10414 | WLAN CCDF, 64-QAM. 40 NiHz X| 385| 6643 | 1543 | 0.00 | 150.0 | +2.4% | +9.6%
Y| an 6597 | 15.10 150.0
Z| 366 | 6641 1527 1500
Note: For details on UID parameters see Appendix
! The reported uncertainty of measurement is stated as the standard uncertainty of measurement multiplied by the coverage
‘L {actor k=2, which for a normal distribution corresponds to a coverage probability of approximately 85%.

A The uncertsnties of Norm X,Y.Z do rot atiect the E°-5ald uncertanty inside TSL (see Pages 5 and £).
8 Linearization paramater uecerlginty for maximuim spechied lisdd strengin,
€ Unosetainty & determined usng the max devialion lrom linear respanss apply rg reciangula distrbugon and is arpresaed for 1he square of the Teid vile

Certificate No: EX-7852_Nov24 Page 30f 22
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EX3DV4 - SN:7852 November 13, 2024

Parameters of Probe: EX3DV4 - SN:7852

Sensor Model Parameters
‘ [o3] c2 « T T2 T3 T4 5 16
fF F v! msV? | msv~’ ms. v ¥l
x a1 6421 32.27 336 0.00 490 0.56 0.00 1.00
y 87 | 6172 | 3212 | 367 0.00 4.90 0.51 0.00 700 |
z | 76 | 5347 | 3154 | 343 | 000 4.90 0.56 0.00 100
Other Probe Parameters
Sensor Artangement | Triangutar |
Conneclor Angle 12.3°
Mechanical Surface Detection Mode enabled
| Optical Surface Detection Mode disabled
Probe Overall Length a37mm
—ﬁﬁb—e-eody Diameter 3 10mm
Tip Length amm
| Tip Diameter 25mm
Probe Tip to Sensor X Calibration Point 1mm
Probe Tip to Sensor Y Calibration Point 1mm
Probe Tip o Sensor Z Calibration Point T 1mm
| Recommended Measurement Distance from Surface | 14mm

Note: Maasurement distance from surface can be incressed 1 3-4 mm for an Area Scan job

Certificate No: EX-7852 Nov24 Page 4 of 22

Page 16 of 94




Appendix no.: 1-6411-23-01-40_TR1-A201-R01 CeteCO m
advanced

EX30V4 - SN:7852 November 13, 2024

Parameters of Probe: EX3DV4 - SN:7852
Calibration Parameter Determined in Head Tissue Simulating Media

1 (MHz)® Relative Conductivity" | ConvF X | ConvF Y | ConvFZ | Alpha® | Depth® UncH
Permittivity® (Sim) (mm) (k=2)

750 418 0.89 8.44 8.71 9.08 0.37 1.27 =11.0%
850 415 0.92 7.98 8.25 8.59 0.37 1.27 £11.0%
900 415 0.97 8.07 8.33 8.68 0.37 1.27 +11.0%
1750 40.1 1.37 7.33 757 7.89 0.36 1.27 411.0%
1900 40.0 1.40 6.86 7.08 7.28 0.36 127 £11.0%
2100 39.8 149 6.85 7.07 7.36 0,386 1.27 +11.0%
2450 392 1.80 6.50 6.71 6.99 0.36 1.27 =11.0%
2600 39.0 1.96 655 6.76 7.04 0.36 1.27 +11.0%
3500 ar.g 291 5.94 613 5.38 0.35 1.27 +£13.1%
3700 37.7 312 594 6.13 6.39 0.35 127 +£13.1%
3900 375 332 6.08 629 6.55 0.34 1.27 +13.1%
5200 36.0 4.66 520 522 551 0.3t 1.27 £13.1%
5300 359 478 503 5.05 534 0.30 1.27 +13.1%
5500 356 4.96 463 465 49 0.29 1.27 +13.1%
5600 355 5.07 4.80 4.82 510 0.28 127 +13.1%
5800 353 527 4.63 465 4.91 0.26 127 +13.1%

C Frequancy valcity above 300MHz of =100 MHZ orly apples jor DASY w4 and higher (see Page 2}, efse 1is reslricied o 2S0MHz Tha uncartainty is the
R3S of the ConvF unceriainty at calbeation frequency and the uncertarty for the incicated frequency band. Frequency validty below 200MHz 5 210, 26

40. 50 and 70 Mz for ConvF assessments at 30, 64, 128, 150 and 220 MMz respactively, Valcity of ConvF assessed at 6 MHz s -8 MH2, ard ConvF
azzossed at 13 MHz ks 5-19 MHz. Above 5 GHz frequency validty can be extendad %0 £110MHz.

F The protes are cal using 15500 g lhquids (TSL) hat deviate for € and o by %55 than +5% from the sargat vakses (hypicaly Dattar Than +3%)
and are vald for TSL with deviasons of up to + 107 I SAR correction i3 applied.
G AphaDepth ars delarmined during cafbeaton. SPEAG warrants that the remaning dey: due to the boundary effect after coe Vis abvarys less

™an = 1% ko frequencies below 3 GHz and below =24 Yor lregquencies between 3-6 GHz at ary distance larges than half the probe tip dismetar frum the
boundary.

" The stated uncertainty 5 the total catbrasen uncertainty (k = 2) of NarmComve, This is equivalant to the uncartainty componeat with The symbal GF in
Taitke 9 of IEC/EEE 62200-1528:2020,
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EX3DV4 - SN:7852 November 13, 2024

Parameters of Probe: EX3DV4 - SN:7852
Calibration Parameter Determined in Head Tissue Simulating Media

f (MH2)® Relative Conductivity™ | ConvF X | ConvFY | ConvFZ | Alpha® | Depth® UncH
Permittivity® (S/m) (mm) (k=2)
| 6500 345 6.07 492 5.08 529 0.20 127 +18.6%

C Frequency valdity &1 6,5 GHz & -600V+700 MHz, and 4 700MHz &1 or abowe 7 GHz, The uncartsinty & he RSS of the ConvF urceriuinty st calkvation

|  ard the inty lor the frequency band.

F The probes are caibrated using lissue simufating louids [TSL) that deviate for £ and o by less than =10% from the target values (Yypically batter than +6%)
and are vaid for TSL with deviations of up 1o 2 10%.

G pjpratDapth are ed during SPEAG "t 1ha remaining deviation due to the boundary alfect atter compensation is Always 19ss
than +1% for frequancies balow 3 GHz, balow 2%, for frequencias beawaan 3-8 GHz: and balow 145 Yor Irequenciag between 8-10 GHz a1 any datance
largar than hat the prote tp diamatar from the boundary.

" The stated uncertainty is the lotal calioration uncartsinty (k « 2) of Narm ComF. This is oquivalent o the uncarianty campenent wth e symbel CF n
Table 8 of IECVIEEE 622091528 2020,
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EX30V4 - SN:7852

14

09

Frequency response (normalized)

November 13, 2024

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

08
0.7
06
0'50 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600
1 [MHz)
o TEM + R22
Uncertainty of Frequency Response of E-hekd: =6.3% (k=2)
Certificate No: EX-7852_Nov24 Page 7 of 22
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EX30V4 - SN:7852 November 13, 2024

Receiving Pattern (¢), 1 =0°

=600 MHz, TEM, 0°
90"

{=1800MHz, R22, 0°
Elg

N < x

0.5

g

9 0 "’-\ g P ‘H MO -

o

-05
0 60 120 180 240 300 380
Roll [*)
« 100MHz - 600 MHz 1800 MHz « 2500 MHz
Uncertainty of Axial Isotropy Assessment: £0.5% (k=2)
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Appendix no.: 1-6411-23-01-40_TR1-A201-R01 @ Cetecom

EX3DV4 - SN:7852

Input Signal [uV]

Error [dB]

108

10°

10¢

107

November 13, 2024

Dynamic Range f(SARhead)
(TEM cell, fpvs = 1900 MHz2)

Uncertainty of Linearity Assessment: +0.6% (k~2)

//
102 10-! 10° 10' 102
SAR [mW/em?]
= not compensated « compensated
S |
- e - - - -« & L ‘: - - -> - - - - - - -
1072 10°" 10° 107 107
SAR [mW/cm®]
«— net compensated -+ compensated
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EX30V4 - SN:7852

Conversion Factor Assessment

f«1900MHz, WGLS R22 (H_convF)

November 13, 2024

25|\
b

20|
g 1
2 !
E M '
%‘ ]

L 8

10 -\\

5 .

°u 10 20 30 40

zmm]
—=— analytical —+— measured

Deviation from Isotropy in Liquid
Error (.4), = 900MHz

1
0.8 .
0.6 |
04 3
0.2
j y.
E -0.2 S0
-0.4 /4
-0.61 30
-08| ~
% _"5 = i Y [deg]
90 198 a5 oo 10
2 om —
315 380 0
X [deg]
-1 -08 -06 -0d4 -02 0 02 04 06 DB 1
Uncentainty of Spherical Isolropy Assessment: £2.6% (k=2)
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Calibration Laboratory of S,

A 7 Schwelizerischer Kalibrierdienst

Schmid & Partner S Service sulsse d étajlonnage

Engineering AG 3 &3 Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland ’v.ﬁ-‘ Swiss Calibration Service
Accradted ty e Swiss Accredtation Senioa (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service Is one of the signatories to the EA
Multiiateral Agr for the recog 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) IEC/IEEE 62209-1528, "Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Wom Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GMz)", October 2020.

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

Additional Documentation:
c) DASY 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 source is mounted in a touch configuration below the
center marking of the flat phantom.

e Return Loss: This parameter is measurad with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Return Loss ensures low
reflected power. No uncertainty required.

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

e 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%.

Cenrtificate No: D750V3-1041_Mayz3 Pags 2ol 8
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Measurement Conditions

DASY system configuration, as far as not given on page 1
DASY Version DASYS2 V52104
Extrapolation Advanced Extrapolation
Phantom Maodular Flat Phantom
Distance Dipole Center - TSL 15mm with Spacer
Zoom Scan Resolution dx, dy, dz =5mm
Frequency 750 MHz = 1 Mz
Head TSL parameters
The following parameters and calculatons were apphed.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 419 089 mha/m
Measured Head TSL parameters (220+02)"C 1526% 0.91 mho/im = 6 %
Head TSL temperature change during test <05°C -
SAR result with Head TSL
SAR averaged over 1 e’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 217 Wkg
SAR for nominal Head TSL parameters nommalized to 1W B8.52 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm?® (10 g) of Hoad TSL condition
SAR measured 250 mWV input power 1.42 Wikg
SAR for nominal Head TSL parameters normalized to TW 5.60 W/kg = 16.5 % (k=2)
Body TSL parameters
The ‘lollowirgpatamm‘s and calculations ware apphed.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 555 0 88 mho'm
Measured Body TSL parameters 220+0.2)°C 55426% 0.96 mho/m + 6 %
Body TSL temperature change during test =05°C aes s
SAR result with Body TSL
SAR averaged over 1 cm® (1 g) of Body TSL Condition
SAR measured 250 mW input power 215 Wrkg
SAR for norminal Bedy TSL parameters normalizad to 1W B8.60 Wikg = 17.0 % (ke2)
SAR averaged over 10 cm? (10 g) of Body TSL condition
SAR measured 250 mW input powar 1.42 Wikg
SAR for nominal Body TSL parameters normalized 10 1W 5.68 Wikg = 16.5 % (k=2)

Centificate No: D7650V3.104)_May23
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedanca, transformed 1o feed point 5450Q-18jQ
Retum Loss -26808

Antenna Parameters with Body TSL

Impedance, transformed 10 feed point 499Q-44 |0
Retumn Loss -270dB

General Antenna Parameters and Design

| Eectrical Detay (one direction) ] 101308

After long terrn use with 100W radiated power, only a sight warming of the dipoie near the feedpoint can be measured

The dipole is made of standard seminigid coaxial cable, The center conductor of the feeding line is drectly connacted to the
second arm of the dipele. The antenna is theretore short-circuited for DC-signals, On some of the dipoles, small end caps
are added 10 the dipole arms in order 10 improve matching when loaded according Lo the position as explaingd n the
‘Measurement Conditions® paragraph. The SAR data are not alfected by this change The overall dipole length is still
according to the Standard.

No excessive force must be applied Lo the dipole arms, because they might bend of the sokiered connections near the
feadpoint may be damaged.

Additional EUT Data

| Manutacturea by | SPEAG |

Certificate No: D750V3-1041_May23 Page 4 of &
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DASYS5 Validation Report for Head TSL

Dare: 11.05.2023
Test Laboratory: SPEAG. Zunch. Switzerland

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

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

Medium parameters used: = 750 MHz; 6=0.91 S/m; & =41.5: p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:

+  Probe: EX3DV4 - SN7349: ConvE(10.11. 10,11, 10.11) @ 750 MHz; Calibrated: 11.01.2023
o Sensor-Surface: 1 4mm (Mechanical Surface Detection)

¢ Electronics: DAE4 Sn601: Calibrated: 19.12.2022

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

o 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 0:
Mcasurement grid: dx=5Smm, dy=3mm, dz=Smm

Reference Value = 59.92 Vim: Power Drift = -0.06 dB

Peuk SAR (extrapolated) = 3.29 Wikg

SAR(I g) = 2.17 W/kg: SAR(10 g) = 1,42 Wikg

Smallest distance from peaks to all points 3 dB below = 17 mm

Ratio of SAR a1 M2 10 SAR at M1 =65.7%

Maximum value of SAR (measured) = 2.89 Wikg

-1.80
-3.60
-5.40
-1.20
-4.00

0dB = 2.89 W/kg = 4.61 dBW/kg
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Impedance Measurement Plot for Head TSL
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Antenna Parameters with Head TSL

From cal. data

Measured 2024-06-21

Impedance; transformed to feed
point

54.5Q -1.6jQ

52.7Q -3.1jQ

Return Loss

-26.8dB

-27.9dB
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DASYS5 Validation Report for Body TSL

Date: 09.05.2023

Test Laboratory: SPEAG, Zurich, Switzerland

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

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

Medium parameters used: [ = 750 MHz; 6 = 0.96 S/m: & = 55.4; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS52 Configuration:

-

Probe: EX3DV4 - SN7349; ConvF(10.23, 10.23, 10,23) @ 750 MHz; Calibrated: 10.01.2023
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAEA Sn601; Calibrated: 19.12.2022

Phantom: Flat Phantom 4.9 (Back): Type: QD 00R P49 AA: Senial: 1003

DASYS52 52.10.4(1535). SEMCAD X 14.6.14(7501)

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

Reference Value = 59.47 Vim: Power Drift = -0.00 dB

Pcak SAR (extrapolated) = 3.23 Wikg

SAR(I gi = 2.15 Wikg; SAR(10 g) = 1.42 Wrkg

Smallest distance from peaks to all points 2 dB below = 17.1 mm

Ratio of SAR at M2 to SAR at M1 = 66.6%

Maximum value of SAR (measured) = 2.87 Wikg

-1.80
-3.60
-5.40
-7.20
-9.00

0dB =2.87 W/kg = 4.58 dBW/kg

Certficate No- D750V3-1041_NMay23 Page 7oi8
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Impedance Measurement Plot for Body TSL
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Calibration report “900 MHz System validation dipole”

Calibration Laboratory of S, s szscischor Kallbrierd
Schmid & Partner ] G Servicw suisse detalonnage
Engineering AG by s Servizio svizzero di tarstura
Zeughausstrasse 43, 8004 Zurich, Switzerland o ,‘ﬁ\:\_\y Swiss Calibeation Service
Accredited by the Swiss Accreditation Service (SAS) Accreaation No.: SCS 0108
The Swiss Accraditation Service is one of the signatories 1o the EA
Multilateral Ag for the recognition of calibration certificates
Cliemt  CTC advanced GmbH Certificate No. DS00V2-102_Jan24
Saarbricken, Germany
CALIBRATION CERTIFICATE |
|
Object D300V2 - SN:102 ‘
\
Cafbralion procadurals) QA CAL-05.v12

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Catbra¥on date: January 10, 2024

This calibrabion certlicate documeants the y to natcnal . which 1ealize the physcal units of measuraments {SI1)
The measurements and the uncenaintes with confidence probabiity are given 01 108 10FCWING Pages and are part of the certificate

Al havo boon i the closed aboeatony RCIRy. ervironment tomperature (22 = 51°C and bumdity < 70%

Caltention Fquiprment used {MATE cntical for calioration)

Priméry Stardands o Cal Date {Cenficane No.) Scheduled Calbeation
Power metes NRPZ | an 104778 30-Mar23 (Mo, 217-0380403805) Mar-24
Power sensor NAP-Z81 SN 103244 30-Mar-23 (No. 217-03504) Mar-24
Power sersor NRP-Z81 SN: 103245 30:Mar-23 (No. 21703905} Mar-24
Hoterence 20 4B Anenualor ! SN BHIG (20k) 30-Mas-23 (No. 217-03806) Mar-24

| Type-N mismasch combinalion | SN: 310667 /05327 30-Mar-23 (No. 217-03810) Mar24

| Reference Probe EX30V4 SN: 7348 05-Nov-23 (No. EX3-1349 Now23) Nov.24
DAE4 SN: 801 00-Oct-23 (No. DAEA-601_Dc23) Oct24
Secondary Stardsrds lIo¥ Chack Date {in house) _Scheguted Checx
Fomar motor E44156 | sh: GBIgsI2475 30-0ct-14 [in houes chack Oct22) I hrouses check: Oct-24
Powor sensor MP B481A | 8N: US37292783 07-0ct-15 (in hovae chack Oct22) In house check: Oct-24
Pawer sensor HP 84514 | SN MY41003315 07-008-15 (n house chick Oct22) I housa check: Oct-24
AF generator RAS SMT-06 | SN 100872 15-10n-15 {in haus check Oct22) 10 house check: Oct-24
Network Anatyzer Agitent EB358A | SN: US41060477 31-Mar 14 {in house check Oct-22) In house chack: Oct-24

Narme Function Sigratuo g
| Caibrsted By Kreimi Franjé Laboratoey Technician
| Aoproved by Sveo Kibn Techvical Managar S\ 7
o e —
lssued Jaruary 11, 2024

This calbeation cactificate shal not be reproduced axosgt in 441 without withen apgeoval of he laboratory ]

Cenficate No: DSO0OV2-102_Jan24 Page 1018
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Calibration Laboratory of L s Kelib

Schmid & Partner g} G Serviee suisse détaloanage
Engineering AG et Servizio svizzero di taratura

Zoughaussirasse 43, 8004 Zurich, Switzeriand ANy S Suwiss Canvration Service

Actredited by the Swiss Accreditation Senvics (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Servics is one of the signatories 1o the EA

Muttiiateral Ag it for the gnition of calibeation 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) |EC/IEEE 62209-1528, "Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Womn Wireless Communication Devices - Part 1528: Human Madels, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

b) KDB 865664, "SAR Measurement Requirements 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 certificate. All figures stated in the certificate are valid at the frequency indicated.

» Antenna Parameters with TSL: The source is mounted in a touch configuration below the
center marking of the flat phantom.

e Return Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Return Loss ensures low
reflected power. 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 normatl distribution corresponds to a coverage
probability of approximately 95%.

Cenificate No: DSO0VZ-102_Janz24 Page20fB
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Measurement Conditions
DASY system configuration, as far &5 not given on page 1.
DASY Version DASYS2 V52104
Extrapolation Advanced Exiragolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 15 mm with Spacer
Zoom Scan Resolution dx, dy. dz =5 mm
Frequency S00 MHZ £ 1 MHz
Head TSL parameters
The following parameters and calculations ware apphed
Temperature Permittivity Conductivity
Nominal Head TSL parameters 20C 415 0.97 mha/m
Measured Head TSL parameters (22.0202)'C 4231286% 0.85 mha/m = 6 %
Head TSL temperature change during test <05°C f— =
SAR result with Head TSL
SAR averaged over 1 cm’ {1 g} of Head TSL Condion
SAR measured 250 mW input power 270 Wkg
SAR for nominal Head TSL parameters nomakzed to 1W 11.0 Wikg 2 17.0 % (k=2)
SAR averaged over 10 cm? (10 g) of Head TSL condaion
SAR measured 250 mW Input power 1.74 Wikg
SAR for nominal Head TSL parameters normalized to 1W 7.08 Wikg = 18.5 % (k=2)
Body TSL parameters
The following parameters and caicuiations were applied.
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.0 1.05 mha/m
Measured Body TSL parameters {22.0202)°C 5541:8% 1.02 mho/m = 6 %
Body TSL tempersture change during test <05°'C cace <
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 2.75 Wikg
SAR for nominal Body TSL parameters nermalized 10 W 11.3 Wikg = 17.0 % (ks2)
SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 miWV ingut power 180 Wkg
SAR for nominal Body TSL parameters normalized to TW 733 Wikg = 16.5 % (k=2)
Cartificate No: DB0OV2-102_Jan24 Page 3of 8
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed 1o feed point

52404100

Return Loss

-30.5dB
Antenna Parameters with Body TSL
Impedance, transformed to feed pomt 4650-1510
Return Loss -282dB
General Antenna Parameters and Design
| Eiectricat Delay (one directon) | 1382 ns i

After tong term use with 100W radiated power, only 3 sight warming of the dipcle near the feedpoint can be measured.

The dipole is made of standard semirigit coaxial cable. The center conductor of the feeding ine i directly connected (o the
second arm of the dipoie. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, smaf end caps

are saded 1o the dipoie arms in order to imprave maiching when loaded according to the position as explained in the
"Maasurement Conditions™ paragraph, The SAR data are not affected by this change The overall dipcle length is stil

according to the Standard

No excessive force must be applied to the dipole arms, because they might bend or the soldered connactions near the

feedpoint may be damaged.

Additional EUT Data

limufscwmo by

SPEAG

Certificate No: DO00OV2-102_Jan24
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DASYS5 Validation Report for Head TSL

Date: 10.01.2024
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 900 MHz; Type: D900V2; Serial: DY00V2 - SN:102

Communication System: UID 0 - CW; Frequency: 900 MHz

Medium parameters used: { =900 MHz: ¢ = 0.95 S/m; & =42.3; p = 1000 kg/m’
Phantom section: Flat Section

Measurement Standard: DASYS (IEEETEC/ANST C63.19-2011)

DASYS52 Cenfiguration:
« Probe: EX3DV4 - SN7349: ConvF(9.62, 9.62, 9.62) @ 900 MHz; Calibrated: 03.11.2023
o Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Elecrronics: DAE4 Sn601; Calibrated: 03.10.2023
o Phantom: Flat Phantom 4.9 (front); Type: QD 001 P49 AA; Senal: 1001
o DASYS252.10.4(1535); SEMCAD X 14.6.14(7501)

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

Reference Value = 66.35 V/m; Power Drift = -0,04 dB

Peak SAR (extrapolated) = 4.12 Wikg

SAR(1 g) = 2.70 W/kg; SAR(10 g) = 1.74 W/kg

Smallest distance from peaks 1o all points 3 dB below = |5 mm

Ratio of SAR a1t M2 o SAR at M1 = 63.9%

Maximum value of SAR (measured) = 3.62 Wikg

-2.00
-4.00
-6.00

-10.00

0dB =3.62 Wikg = 5.58 dBW/kg

Certficate No: C00V2-102_Jan24 Page Sof 8
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Impedance Measurement Plot for Head TSL
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Antenna Parameters with Head TSL

From cal. data

Measured 2024-06-21

Impedance; transformed to feed
point

52.4Q +1.9jQ

51.3Q +2.6jQ

Return Loss

-30.5dB

-30.7dB
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DASY5 Validation Report for Body TSL

Date: 10.01.2024
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 900 MHz: Type: D900V2; Serial: D900V2 - SN:102

Communication System: UID (0 - CW: Frequency: 900 MHz

Medium parameters used: £ = %0 MHz; o = 1.02 8/m: & = 55.4; p = 1000 kg/m*
Phantom section: Flat Section

Measurement Standard: DASY S (IEEEAEC/ANSI C63.19-2011)

DASY52 Configuration:
« Probe: EX3DV4 - SN7349: ConvF(9.81, 981, 9.81) @ 900 MHz; Calibrated: 03.11.2023
o Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601: Calibrated: 03.10.2023
« Phantom: Flat Phantom 4.9 (Back); Type: QD 00R P49 AA: Serial: 1005

« DASYS252.10,4(1535); SEMCAD X 14.6.14(7501)

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

Reference Value = 60,76 Vim: Power Drift = -0.00 dB

Peak SAR (extrapolated) = 4.07 Wikg

SAR(1 g) = 2.75 W/kg: SAR(10 g) = 1.8 W/kg

Smallest distance from peaks to all points 3 dB below = 15 mm

Ratio of SAR at M2 to SAR at MI =67.7%

Maximum value of SAR (mecasured) = 3.66 Wikg

48

0
-2.00
-4.00
5.00

-10.00

0 dB = 3.66 Wikg = 5.63 dBW/kg

Certificate No: D900V2-102_Jan24 Page 7ol 8
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Impedance Measurement Plot for Body TSL

Centiticate No: C300V2-102_Jan24
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6 Calibration report “1750 MHz System validation dipole”
W, Schwelzerischer Kalibrierdienst
Calibration Laboratory of A, < st
Schmid & Partner jlacwra C Servizio svizero di tarstura
Engineering AG s S Swiss Calibration Service

Zaughaugstrasse 43, BO04 Zurich, Switzerland

Accredited by the Swiss Accreditation Service (SAS)

Tttt

Accreditation No.: SCS 0108

The Swiss Accreditation Service Is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client Cetecom Advanced R Certificate No. D1750V2-1093_Aug24
Saarbriicken, Germany
CALIBRATION CERTIFICATE
Ovject D1750Vv2 - SN: 1093
Calibeation procecure|(s) QA CAL-05.v12
Calibration Procedure for SAR Validation Sources between 0.7 - 3 GHz
Calbration ¢ale August 15, 2024

This caltaration certificale documants the traceability 1o national standards, which rawize the physical unis of measurements (S1).

The measurements and the uncertainties with cenlidence peobatility are glven on the llowing pages and are part of the cortificate,

All catbrations have Soen conduetog i the closed laboralory fachty: eqvirarnman tamparature (22 £ 3)"C and bumigity < 70%.

Calibration Equipmont used (MATE critical for calibeation)
[Primary Standarda it Gl Date (Conilicae 1o, Schodulea Cal
or Sonaor RAS NAP-33T : EW-# o iﬁﬁix Mar-26
“Power Sonsor RS NAPTBA SNTTOTEER | 21-Mar-24 (No. 4A030AS15007801) Mar 286
Specirum Analyzor A&S F5vA0 | BN 101832 | 26-Jan-24 (No. 4030-315007551) Jan2h
ich; Shart [547108] Atiorator (54423] | BN; 11862 | 28-Mar-24 (No. 217-04080) WMar-28
"OCP DAK 12 SNI1016 | 080129 (N LDAKT2-1016_0aZS) Oct-2d
"OCP DAK-3.5 SN: 1249 05-001-23 (No. OCP-DAKS 61249 Oci23) Oct-24
Meference Probe EXIDVA SNIT34D | 03-Jun-24 (No. EXA-7349 _Junza) Jon-25
DAE4Ip SN: 1836 10-Jan-24 (No, DAEAIp-1936_Jun2d) Jun25
Secondary Standards %] Chock Oate (n house) Sanenuled Check
| ACAD Saurce Box SNTDAD | 7 May-24 (No, 675-ACAD_Solrce_Bok-240528] | Miy-25
Siqgnal Generalor RES SMBT00A SNTB2087 | 28-Way-24 (No. 00013007 19404) Méy-26
Mismaich; SMA SN 1102 22-May-24 (No. 675 Mamaich SMA-240522) May-26
— _— .
Name Funztion Signature
Caliorated by Kregimir Franjié Labaratary Techniclan z
Approved by Syen Kinn

Teonnica Marager | é .

Issued: August 15, 2024
This caibration certiticare shall not be repraduced excapt In 1l without wraten approval of the laboratery.

Certiticate No: D1750V2-1083_Aug24
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Calibration Laboratory of ‘S“:b—:’/,‘/h’k S 5""‘"""“"’;_""‘";’;‘:"
Schmid & Partner flacwrA € senitio svizzero di taratura
Engineering AG s S  Swiss Calibration Service
Zeughausstrasse 43, 8004 Zurich, Swazarland ":,,,,J{"R‘_,-s’
Accradited by the Swiss Accreditation Sarvice (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signalories 1o the EA
Multiiateral Agreement for the recognition of calibration certificates

Glossary

TSL tissue simulating liouid
ConwF  sensitivity in TSL / NORM x.y,z
N/A not applicable or not measured

Calibration is Performed According to the Following Standards

+ IEC/IEEE 62209-1528,"Measurement Procedure For The Assessment Of Specilic Absorption Rate Of Human Exposure To
Radio Frequency Fields From Hand-Held And Body-Worn Wireless Communication Devices - Part 1528: Human Madets,
Instrumentation And Procedures (Frequancy Range of 4 MHz 10 10GHz)", October 2020,

+ KDB 865664, "SAR Measurement Requirements for 100 MHz to 6 GHz*

Additional Documentation
+ DASY Systern Handbook

Methods Applied and Interpretation of Parameters

* Measurement Conditions: Further details are avadablo from the Validation Report at the and of the certificate. Al figures
stated In the certdicate are valid at the frequancy indicated,

« Antenna Parameters with TSL: The dipole 18 mounted with the spacer 1o position its foed point axactly below the center
marking of the llat phantom section, with the arms oriented paraiiel to the body axs.

+ Feed Point Impedance and Return Loss, These parameters are measured with the dipole positionad undar the liguid filled
phantom, The impedance stated I8 transformoed from the measuramont at the SMA connector 10 the feed peint. The Ralurn
Loss ensures low reflocted power, No uncertainty required.

+ Eloctrical Delay: Ono-way delay betwoon the SMA connector and the antenna feed point. No uncertainty required,

+ SAR measwed: SAR measured at the stated antenna input power.

+ SAR normalized: SAR as measured, normalized Lo an inpul power of 1 W at the antanna connectar,

* SAR for nominal TSL parameters: The measured TSL parameters are used 1o calculate the nominal SAR result,

The reported uncertainty of measurement is stated as the standerd uncertalnty of measurement multiplied by the
coverage factor k=2, wiich lor a normal distribution comesponds 10 a coverage probability of approximately 95%.

Certdicate No: D1750v2-1093_Aug24 Page2¢!6
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D1750V2 - SN: 1083 August 15, 2024
Measurement Conditions
DASY system configuration, as far as not given on page 1.
DASY Version DASYS Module SAR 16.4.0
Extrapolation Advanced Extrapolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10mm with gpacer
Zoom Scan Resolution dx, dy = 6mm, dz = 1.5mm Graded Ratio = 1.5 mm (Z direction)
Frequency 1750MHz +1MHz
Head TSL parameters at 1750 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 401 1,37 mno/m
Measured Head TSL parameters (22,0 £0.2)°C 40.4 +6% 1.36 mho/m £6%
Head TSL temperature change during test <05°C
SAR result with Head TSL at 1750 MHz
SAR averaged over 1 cm” (1 g) of Head TSL Condition |
SAR for nominal Hoad TSL paramoters 24 dBm Input power 9.08 Wikg
SAR for nomenal Head TSL parameters normalized to 1W 36.1 Wikg £17.0% (k= 2)
SAR averaged over 10 cm® (10 g) of Head TSL Candition
SAR for nominal Head TSL parametars 24 aBm input power 4,85 Wig
SAR for nominal Head TSL parameters normalized to 1W 19.3 Wikg =16.5% (k= 2)
Certiticate No: D*750V2-1083_Aug24 Page 3 of 6
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D1750V2 - SN: 1083 August 15, 2024

Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 1750 MHz

Impedance 010-04j0Q
Return Loss -47.7 dB

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1.215ns |

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

The dipole s made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connecied ta the
second arm of the dipole. The antenna is therefore short-circuited for DC-signals, On some of the dipoles, small end caps are
added to the dipole arms in order 1o improve matching when 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 to the Standard. No excessive force must be applied to the dipole arms, bocause (hey might bend of the soldered
connections near the feedpoint may be damaged.

Additional EUT Data

LMlnuflcturod by SPEAG 1

Cerlificate No: D1750V2-1083_Aug24 Page 4 of 6
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D1730V2 - SN: 1093

August 15, 2024

System Performance Check Report
Summary
Dizove Frequency INK7) ™ Powar 8m)
D17SIV2 - SN1093 1759 nsL 24
Exposure Canditions
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Hat ‘o w0 1500 1% L35 404
Hardware Setup
Prantom TS Nessuted Date Prote, Cakhitation Date DA, Cakbianion Tale
MIPVAD Righe ML 20240818 EXILVA - SNTS4Y, 2U24-08-038 OAEALp Sn) 830, 2024-0t 10
Scans Setup Measuremnent Results
Toam Scan 2com Sean
oMt Easerey fremd 02030 (e 20240018
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D1750V2 - SN: 1083

Impedance Measurement Plot for Head TSL

August 15, 2024
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Calibration report “1900 MHz System validation dipole”

Calibration Laboratory of S, S Schweizerischer Kalibrierdienst
Schmid & Partner e G Service suisse ddtalonnage
Engineering AG % Servizio svizzoro di tarastura
Zoughausstrasse 43, 8004 Zurich, Switzerland TSNS S Swiss Calitwation Servics
Accrodited by the Swiss Accreditation Senvice [SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
L al Ag for the anition of calibration certificates

Certficate No. D1900V2-5d009_May23

Catbration procsdurels)

Catbroson cae May 12, 2023

Ths calbraton certficale documents the traceabilty f0 national stardards. which reakze the physical units of measuremsnts (S
The measurements and 1he undertaintes with confidence probabifty are given on the followng pages and are part of the canficale.

Al cabbrations hawe been concucted in the clased labaratary tacilty: envronment temparatucs (22 & 2)°C and Purmidity « 70%.

| Calbeation Equipment used (MATE ciics for cathrason)

| Primary Stancards e Cal Date (Corsticata No.) E Scheduled Caltraton |

Powar mater NRP2 SN 104778 J0-Mar-23 (No. 217-03804/03805) Mar-24

Power sensor NRP-281 SN: 103244 30-Mar-23 (No. 217-03804) Mar-24

| Power sensor NRP-201 SN: 100245 30-Mar-23 (No. 217-03805) Mar-24

Relerence 20 oF Aternusior SN BHO394 (20x) 30-Mar-23 (No. 217-03808) Mar-24

Type N msmatch combiroticn SN: 310862 / 06327 30-Mar-23 (No. 217-03810) Mar-24

Reference Prabe EX3DVY SN 7348 10-Jan-23 (No. EX3-7349_Jon23) Jan-24

DAES SN 60 19:-Dec22 (No DAE4-601 DecZ2) Dac-23

Secondary Standards o#% - Check Date (in house) Scheduled Chack

Power meter L421G8 SN: GB38512478 I-0ct-14 {in housa check Oct-22) In house check. Oct-24

Power sensor HP 84814 | SN: US37292783 D7-0ct-15 (in house chack Oct-22) In house check. Oct-24

| Pawer semsor HP 84814 ‘ SN: MY41093315 07-Cct-15 {in house check Oc1-22) In house check Ocl-24

RF generator RES SMT-C6 | SN 100972 15-Jun15 [in house check Ocs-22) In house chedk: 0024

Network Analyzer Agivrt ES3S8A | SN: US41080477 31-Mar- 14 (n houss check Ot-22) In house chedk: Oc-24

| Signature /

Casbraned by: el i |

[ P L T o s e
-76‘; 2 {lﬁ .

MR Gl

Issusd: May 182023

This caibration cerificase shall nat ba regroduced axoept in full without wiilter spprovat of s laboratory.
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Calibration Laboratory of S8, SchiRsechis Kb
Schmid & Partner ! Service suisse détalonnage
Engineering AG ok Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerfand % ,’f”a?_\f Swiss Calibration Service
Acoraditad by the Swiss Accreditaton Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilaterst Agreemont 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) |EC/IEEE 62209-1528, "Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Wom Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

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

Additional Documentation:
c) DASY 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 source is mounted in a touch configuration below the
center marking of the flat phantom.

e Return Loss: This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Return Loss ensures low
reflected power. 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: D1800V2-50009_May23 Page 2018
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS52 V52.10.4
Extrapolation Advanced Exiragolation
Phantom Modular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx. dy.dz =5mm
Frequency 1800 MHz £ 1 MHz
Head TSL parameters
The following p and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 400 1 40 mho/m
Measured Head TSL parameters {(220+02)°C WBT+6% 1.40 mho'/m ¢ 6 %
Head TSL temperature change during test <05°C — -
SAR resuit with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 250 mW input power 9.86 Wikg

SAR for nominal Head TSL parameters

normalized to 1W

39.1 Wikg £ 17.0 % (k=2)

SAR averaged over 10 em’ (10 g) of Head TSL

<ondition

SAR measured

250 mW input power 518 Wikg

SAR for nominal Head TSL parameters normalized to 1TW 20.6 Wikg £ 16.5 % (k=2)

Body TSL parameters
The foliowng parameters and calculations were applied,
Temperature Permittivity Conductivity

Nominal Body TSL parameters 220°C 533 1,52 mhaim

M d Body TSL p (22.0+02)'C 52046 % 1.52 mhoim £ 6 %

Body TSL tempaerature change during test <05°C - e
SAR result with Body TSL

SAR averaged over 1 cm’ (1 g) of Body TSL Caondition

SAR measured 250 mW input power 10.1 Wikg

SAR for nominal Body TSL parameters narmalized to 1W 40.2 Wikg £ 17.0 % (k=2)

SAR averaged over 10 cm’ (10 g) of Body TSL condition

SAR measured 250 mW input power 5.29 Wikg

SAR for nominal Body TSL parameters normalized 1o 1W 21,1 Wikg £ 16.5 % (k=2)
Certificate No: 01900V2-5¢009 _May23 Page 3of 8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed pont 5180+34Q
Return Loss -2854d8

Antenna Parameters with Body TSL

Impedance. wransformed (o feed point 4700+386iQ
Return Loss -264 0B

General Antenna Parameters and Design

[ Etectrical Delay (one direction) l 1.187 ns |

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

The dipcle s made of standard sermingid coaxial cable. The center conductor of the feeding line is directly connected o the
second arm of tha dipole. The anlenna is therefore short-circuited for DC-signals. On some of the dipoles. small end caps
are added to the dipole arms in order 1o improve matching when loaded according o the position as explained in the
*Maasurement Conditions” paragraph. Tha SAR data are not affacted by this change. The overall dipale length is sl
according to the Standard,

No excessive force must be appled 1o the dipole arms, because they might tend or the soldered conneclions near the
feadpoint may be damaged.

Additional EUT Data

| Marufactured by | SPEAG

Centificate No: D1000V2-5d008_May23 Page 4 of 8
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DASYS5 Validation Report for Head TSL

Date: 12.05.2023
Test Laboratory: SPEAG, Zunch, Switzerland
DUT: Dipole 1900 MHz; Type: DI1900V2; Serial: D1900V2 - SN:5d009
Communication System: UID 0 - CW; Frequency: 1900 MHz
Medium parameters used: = 1900 Miz: o = 1.4 S/im: & = 38.7; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASY S (JEEE/IEC/ANSI C63,19-2011)
DASYS52 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(8.35, 8.35, 8.35) i@ 1900 MHz;, Calibrated: 10.01.2023
« Scnsor-Surface: |.4mm (Mechanical Surface Detection)
« LElectronics: DAE4 Sn601: Calibrated: 19.12.2022
o Phantom: Flat Phantom 5.0 (front); Type: QD 000 P50 AA; Senal: 1001
o DASYS2 52.10.4(1535); SEMCAD X 14.6.14(7501)

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

Reference Value = 108.0 V/m; Power Dnft = 0.08 dB

Peak SAR (extrapolated) = 17,9 Wikg

SAR(1 g) = 9.86 W/kg: SAR(10 g) = 5.18 Wikg

Smallest distance from peaks to all points 3 dB below = 10 mm

Ratio of SAR a1 M2 to SAR at M1 = 55.5%

Maximum value of SAR (measured) = 15,2 Wkg

d8

-3.00
-6.00
-9.00
-12.00
-15.00

0dB =152 Wikg = 11.82 dBW/kg

Certificate No: 01500V2-50009_May23 Paga Sofd
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Impedance Measurement Plot for Head TSL
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Antenna Parameters with Head TSL

From cal. data

Measured 2024-06-21

Impedance; transformed to feed
point

51.8Q +3.4jQ

52.3Q +3.8jQ

Return Loss

-28.5dB

-27.4dB

Page 53 of 94




Appendix no.: 1-6411-23-01-40_TR1-A201-R01 cetecom

advanced

DASYS5 Validation Report for Body TSL

Date: 12.05.2023

Test Laboratory: SPEAG, Zunch. Switzerland

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

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

Medium parameters used: = 1900 MHz o = 1.52 S/im; 5~ 52; p = 1000 kg'm’
Phantom section: Flat Section

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

DASYS2 Configuration:

Probe: EX3DV4 - SN7349; ConvF(8.42, 8.42, 8.42) (@ 1900 MHz; Calibrated: 10,01.2023
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601: Calibrated: 19.12.2022

Phantom: Flat Phantom 5.0 (back): Type: QD 000 P50 AA: Scrial: 1002

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

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

Reference Value = 103.3 V/m; Power Dnift = -0.07 dB

Peak SAR (extrapolated) = 18,7 Wkg

SAR(1 g) = 10.1 Wrkg: SAR(10 ¢) =529 W/kg

Smallest distance from peaks to all peints 3 dB below ~ 9 mm

Ratio of SAR at M2 to SAR at M1 =55.7%

Maximum value of SAR (measured) = 15.2 Wkg

0
3.00
-6.00
-3.00
-12.00
-15.00

0dB =152 Wikg = 11.82 dBW/kg

Cartificate No: D1900VZ-50009_May23 Paga 7018
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Impedance Measurement Plot for Body TSL
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Calibration report “2450 MHz System validation dipole”

Calibration Laboratory of N, s, s Kalibr
Schmid & Partner s f& g Service suisse d'étalonnag
Enginee| AG Servizio svizzero di taratura
wa.mmm ’:/{;:,\}‘ NS/ S swiss Catibration Servics
Accredsad ty $is Swes Accreditatan Sernce (SAS| Accreddtation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multitateral Agreement for the recognition of calibration certificates

This calbration certiicate documents the traceatiily 1o national standards, which realize the phy units ot (SI)
The and the with confy probabiity are gven on the follvaing pages and are part of the cericate.
LAl have been cond n e dosed Sboratony fachity. ernironment lemperature (22 £ 3)°C and humidity < 700%.

Calbeation Equipment used {(METE criticad for calibration)

Primary Starcards 0¥ Cai Cate (Certficate Nc.) Scheduled C
Powes moter NRP SN 104778 D4-Age-72 (No. 217-03525003524) Ap-23
Power sensor NRP-Z91 SN 103284 C4-20r-22 (NO: 217-03524) Apt-23
Power sensor NRP-291 SN 103245 04-Apr-22 {No. 217-03525) Ape-23
Reference 20 08 Aterwsaior SN 843394 (20x) 04-Apr22 (No. 217-03527) Ape-23
Type-N mismatch combinaticn SN 10082706327 O4-Apr-22 {No, 217-03528) Ape-23
Reference Probe EXI0V4 SN: T340 31-Dec-21 (No. EX3-7348_Dec21) Dac-22

| DAE4 SN B0t 02-May-22 (No. DAEA-601 - May22) AMay-23
Secondary Sta ‘IDs Chack Dat (in heuse) Schwddung Chick
Pawer mater £44198 SN: GB39512475 30-0ct-14 (in house chack Cct-20) In house chedk: 022
Power sersor HP B481A SN: US37290783 07-0ct-15 (in house check Oct-20) In house check: Oct-22
Pawer sensor HP B481A SN MY41063315 D7-0ct-15 (in house check Oct-20} In house chedk 022
RF generator RS SMT0S SN: 100972 515 (in house check Oc-20) In house check: Oct-22
Netwark Analyzer Agilent ES358A | SK; US<1080477 31-Mar-14 {in house thack 0u-20) In bouse check Oct-22

Nama Function

Citibeated by

Apsroved by
L@'g_ lioration cerificate shall not be reproduced except in full without weition appronal of the laborancey
Caertificate No: D2450V2-710_May22 Page 108
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Calibration Laboratory of

Schy Ischer Kallb
Schmid & Partner Service sulsse o'étalonnage
Engineering AG Servizio swizzero di tarstura
Zoughausstrasse 43, 8004 Zurich, Switzeriand Swiss Calivration Service
Accrediind by 1he Swiss Accrednason Senios (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multitatersl Agreement for the recognition of calibration centificates

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) IEC/IEEE 62209-1528, "Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Wom Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

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

Additional Documentation:
c) DASY System Handbook

Methods Applied and Interpretation of Parameters:

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

* Antenna Parameters with TSL: The source is mounted in a touch configuration below the
center marking of the flat phantom.

e Return Loss! This parameter is measured with the source positioned under the liquid filled
phantom (as described in the measurement condition clause). The Return Loss ensures low
reflected power. 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_May22 Page20i8
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Measurement Conditions
DASY systern configuration, as far as not given on page 1
DASY Version DASYS2 VE2.10.4
Extrapolation Advanced Extrapolation
Phantom Madular Flat Phantom
Distance Dipole Center - TSL 10 mm with Spaocer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 2450 MHz £ 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Parmittivity Conductivity
Nominal Head TSL parameters 220°C 392 1.80 mhaim
Measured Head TSL parameters (220+02)°C 382:6% 1.85 mhoim 2 6 %
Head TSL temperature change during test <05°C = = |
SAR resuit with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Conditson
SAR measured 250 mW input power 132 Wikg
SAR for nominal Heac TSL parameters normalized to 1W 51.8 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm® {10 g) of Head TSL condition
SAR measured 250 mW input power 6.09 Vikg
SAR for nominal Head TSL parameters nomalized to 1W 24.1 Wikg t 16.5 % (k=2)

Body TSL parameters
The lollowing parameters and caiculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 52.7 1.96 mbo'm
Measured Body TSL parameters (220202)°C 515+¢6% 202 mhoim 2 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 measured 250 mW input power 12.7 Wikg
SAR for nomenal Body TSL parameters nommalized to 1W 49.6 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm’ {10 g) of Body TSL condition
SAR measwed 250 mW input power 5.95 Wikg
SAR for nomina! Body TSL parameters narmalized fo TW 23.5Wikg £ 16.5 % (k=2)

Contficate No: D2450V2-710_May22

Page 3of8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance. transformed to feed pont S28R+37iQ
Retumn Loss <269 d8

Antenna Parameters with Body TSL

Impedance, transformed to fead point 4930+43 0
Return Loss ~271dB

General Antenna Parameters and Design

| Electrical Delay (one direction) | 1.159 s

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

The dpele is made of standard seminigid coaxzal cable, The center conductor of the feedng ina s directly connected to the
seconxd arm of the dipols. The antenna is tharafore short-circuited for DC-signals. On some of tha dipoles, emall end caps
are added to the dipole arms in order to improve matching when loaded accarding to the position as explained in the
“Measurement Conditions” paragraph. The SAR data are not affected by this change. The ovarall dipole length is st
according to the Standard.

No axcessive torce must be appled 1o the dipole arms, because thay might bend or the soldered connections near the
feadpont may be damagead

Additional EUT Data

[ Manutactured by SPEAG |

Certificata No: D2450V2-710_May22 Paga 4 0of8
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DASYS Validation Report for Head TSL
Date: 11.05.2022
Test Laboratory: SPEAG. Zurnich. Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial; D2450V2 - SN:710
Communication System: UID 0 - CW: Frequency: 2450 MHz
Medium parameters used: f = 2450 MHz o = 1.85 S/m: ¢, = 38.2; p = 1000 kg/m*

Phantom section: Flat Section
Measurement Standard: DASYS (IEEE/TEC/ANSI €C63.19-2011)

DASYS52 Configuration:
o Probe: EX3DV4 - SN7349; ConvF(7.96, 7.96, 7.96) @ 2450 MHz: Calibrated: 31.12.2021
¢ Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electromcs: DAE4 Sn601; Calibrated; 002.05,2022
« Phantom: Flat Phuntom 5.0 (front); Type: QD 000 PSO AA; Serial: 1001

o DASYS5252.10.4(1535); SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=250 mW, d=10mm/Zoom Scan (7x7x7)/Cube 0:
Measurement grid: dx=3mm, dy=5mm, dz~5Smm

Reference Value = 116.1 Vim; Power Dnft = 0.02 dB

Peak SAR {extrapolated) = 26.3 Wikg

SAR(1 g) = 13.2 W/kg: SAR(10 g) = 6.09 Wikg

Smallest distance from peaks to all points 3 dB below = 9 mm

Ratio of SAR at M2 to SAR at M1 = 50%

Maximum value of SAR {measured) = 21.8 Wikg

1-3.60
-1.20
-10.80
-14.40

-18.00

0dB = 21.8 Wkg = 13.38 dBW/ke

Cenificate No: D2450V2-T10_May22 Page50iB
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Impedance Measurement Plot for Head TSL
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Antenna Parameters with Head TSL

From cal. data Measured 2023-06-06

Impedance; transformed to feed

. 528Q + 37jQ |524Q + 11j0
point

Return Loss -26.9 dB -31.7 dB
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Antenna Parameters with Head TSL

From cal. data

Measured 2024-06-21

Impedance; transformed to feed
point

52.8Q +3.7jQ

52.7Q +3.9jQ

Return Loss

-26.9dB

-26.6dB
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DASYS5 Validation Report for Body TSL
Date: 11.05.2022
T'est Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2450 MHz; Type: D2450V2; Serial: D2450V2 - SN:710
Communication System: UID 0 - CW; Frequency: 2450 MHz .
Medium parameters used: = 2450 MHz: 6 = 2.02 S/m: 5, = 51.5; p = 1000 kg/m’

Phantom section: Flat Section
Measurement Standard: DASY S (IEEE/TEC/ANS] C63.19-2011)

DASYS52 Configuration:
» Probe: EX3DV4 - SN7349; ConvF(8.12, 8.12, 8.12) @ 2450 MHz: Calibrated: 31.12.2021
+ Sensor-Surface: 1.4mm (Mechanical Surface Detection)
o Electronics: DAEA Sn601; Calibrated: 02.05.2022
« Phantom: Flat Phantom 5.0 (back); Type: QD 000 P50 AA; Serial: 1002

» DASYS2 52.10.4(1535); SEMCAD X 14.6,14(7501)

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

Reference Value = 105.8 V/m; Power Drift = -0.06 dB

Peak SAR (extrapolated) = 24,0 Wikg

SAR(1 g) = 12,7 W/kg; SAR(10 g) = 5.95 W/kg

Smallest distance from peaks to all points 3 dB below = 8.9 mm

Ratio of SAR at M2 to SAR at M1 = 54.1%

Maximum value of SAR (measured) = 20.0 Wikg

-3.60
-7.20
-10.80
-14.40

-18.00

0dB = 20,0 Wkg = 13.00 dBW/kg

Certificate No: D2450V2-710_May2? Page 7 of 8
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Impedance Measurement Plot for Body TSL
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Calibration report “2600 MHz System validation dipole”

Calibration Laboratory of R, s ischer Kalibrierd
Schmid & Partner % G Service sulsse ditaionnage
Engineering AG S 2 Servizio svizzero di taratura
Zoughausstrasse 43, 8004 Zurich, Switzerland N 2/ 8 swiss Calibration Service
s o

Accredited by he Swiss Accreditatcn Senvice [SAS) Accraditation No : SCS 0108
The Swiss Accreditation Service Is one of the signatories to the EA
Multasteral Agreement for the recognition of calibration certificates

Certficate No. D2600V2-1040_May23

Calbration date:

| This calteation cerificate documents the Yaceatiity b natonal standants, which realize the il unis of moasurements (51)

The messuremaents and the unceranies with confdencs prooadlity are ghvin on te folowing pages and are pant of the certificate
Al hors have bean conducted in the dosed Labomtory facilty: enironment tampersdure (22 3 35°C and humidey < 0%
Calbration Equipment used (MATE critical for calration)
Primary Standards |12 Cal Date (Corficane No.) Scheduied Caibraton 1
Fower meter NRP2 SN 104778 30-Mar-23 {No. 217-03804/03805) Mar-24
Fowar sensor NRP-Z291 SN: 103244 30-Mar-23 (No. 21703804) Mar-24
Power sansor NRP-281 SN: 103245 30-Mar-23 (No. 217.03805) Mar-24
Rederence 20 o3 Albernsstor SN 840304 (20x) 30-Mar-23 (No. 21703809) Mar-24
Type-N mismatch combinason SN 310082 06227 30-Mar-23 (No. 217.03810) Mar24
Refererce Prode EX3DV4 SN T340 10-Jan-23 (No. EX3-7389_Jan23) Jon 24
DAE4 SN 801 19-Dec-22 (No. DAE4-601 Dec22) Oec22
Secondary Standards ¥ Check Date {in hause) Schecuded Check
Power meter E44196 SN GB3§512475 30-Oct 14 [in house thick Ocr-22) In house check: Oct-24
Power sansor HP 84814 SN 837292783 O7-Oct-15 fin house (heck Oct-22) In house check: Oct-24
Power sermsoe HP 84814, SN MY41093315 O7-0ct-15 {in house chack Oct-22) In house chack: Oct-24
RF generaior RS SMT.06 SN: 100872 15-Jun-15 (in houss check Oc22) In house check. Oct-24
‘ Network Analyzer Agilent ES358A | SN US41080477 31-Mar-14 {in house chack Oct-22) In house check. Oct-24
|
{ Name Function Sgratwe
| Catteated by > L vsooiuey Technickn e
- ; =
| Aporoved sy  Tedhnical Mansger -
; v 135 S ssch g e

Issued: May 15, 2023
This calbeation certificate shall rot be reproduced oxcept in full without weitien aporoval of the labaratory
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Calibration Laboratory of o,

RO 7 Schweizerischer Kadbrierdienst

Schmid & Partner M“\\‘—{’ ’lzi 2 Service suisse d'étalonnage
Engineering AG e Servizio svizzero di taraturs

Zeughsusstrasse 43, 8004 Zurich, Switzertand '«4%:,:\:‘\“« S Swiss Calibeation Service

Accredited by the Swiss Accredtaion Sernoe (SAS) Accreditation No.: SCS 0108

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

Multilateral Ag for the gnition of calibeation 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) |EC/EEE 62209-1528, "Measurement Procedure For The Assessment Of Specific
Absomption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Worn Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020.

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

Additional Documentation:
c) DASY System Handbook

Methods Applied and Interpretation of Parameters:

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

» Antenna Parameters with TSL: The source is mounted in a touch configuration below the
center 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 Return Loss ensures low
reflected power. No uncertainty required.

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

e 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%.

Certificats No. D2E00V2-1040_May23 Page 2 of 8
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Measurement Conditions
DASY system configuralion, as far 8s not on page 1
DASY Version DASY52 V52104
Extrapolation Advanced Extrapolation
Phantom Modular Fiat Phantom
Distance Dipole Center - TSL 10 men with Spacer
Zoom Scan Resolution dx, dy. dz =5 mm
Frequency 2600 MHz = 1 MHz
Head TSL parameters

The following parameters and calculations were applied

Temperature Permittivity Conductivity

Nominal Head TSL parameters 220°C 39.0 1.96 mho'm

Measured Head TSL parameters (220:02)°C 37226% 2.02 mhaim £ 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 measured 250 mW input power 4.4 Wikg

SAR for nominal Head TSL paramaters normalized to 1W 56.2 Wikg £ 17.0 % (k=2)

SAR averaged over 10 cm’ (10 g) of Head TSL conditicn

SAR measured 250 mWV ingut power 6.45 Wikg

SAR for nominal Head TSL parameters normalized to 1W 25.4 Wikg £ 18.5 % (k=2)
Body TSL parameters

The following parameters and caiculations were applied.
Temperature Poarmittivity Conductivity

Nominal Body TSL parameters 220°C 525 2.16 mha/m

Meoasured Body TSL parameters (220:02)°C 522¢6% 2.20 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 Condition

SAR measured 250 mW inpul power 13.7 Wikg

SAR for nominal Body TSL parameters normalized to 1W 54.3 Wikg £ 17.0 % (k=2)

SAR averaged over 10 cm’ (10 g) of Body TSL condition

SAR measured 250 mW input power 6.19 Wikg

SAR fer nominal Body TSL parameters normalized to 1W 246 Wikg £ 16.5 % (k=2)
Centificate No D2600V2-1040_May23 Page30f8
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed to feed point QEN-56j0
Return Loss -251d8

Antenna Parameters with Body TSL

Impedance, transformed to feed point 4570 -33j0
Retumn Loss -250dB

General Antenna Parameters and Design

| Etectrical Delay (one direction) | 1154 ns |

After long term use with 100\ radiated power, only a slight warming of the dipole neas the feedpoint can be measured.

The dipole is made of standard semirigld coaxial cable The center conductor of the feeding line is directly connected o the
second amm of the dipole. The antenna is tharefore short-crcuited for DC-signals. On some of the dipoles, small end caps
are adoed 1o the dipole ams in order o improve matching when loaded according to the position as explained in the
"Measurement Conditions® paragraph. The SAR data are not affected by this change. The averall dipole length is stil
according 1o the Standard.

No excessiva force must be applied lo the dipole arms, because they might bend or the soidered ceanections near the
feedpoint may be damaged.

Additional EUT Data

[ Manufactured by [ SPEAG B

Cantificate No: D2600V2-1040_May23 Paga 4 of 8
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DASYS5 Validation Report for Head TSL

Date: 11.05.2023
Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN: 1040

Communication System: UID 0 - CW; Frequency: 2600 MHz

Medium parameters used: £ = 2600 MHz: o = 2.02 S/m; £ = 37.2: p = 1000 kg/m’
Phantom section: Flat Section

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

DASY 52 Configuration:
»  Probe: EX3DV4 - SN7349; ConvF(7.68, 7.68, 7.68) (@ 2600 MHz: Calibrated: 10.01.2023
»  Sensor-Surface: |, 4mm (Mechanical Surface Detection)
»  Electronics: DAE4 Sn601; Calibrated: 19.12.2022
» Phantom: Flat Phantem 5.0 (front); Type: QD 000 P50 AA; Serial: 1001
» DASYS2 52.10.4(1535); SEMCAD X 14.6.14(7501)

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

Reference Value = 118.3 Vim; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 28.0 Wikg

SAR(1 g) =« 14.4 Wikg: SAR(10 g) = 6.45 W/kg

Smallest distance from peaks to all points 3 dB below = % mm

Ratio of SAR at M2 to SAR at M| ~ 51.3%

Maximum value of SAR (measured) = 23.7 Wikg

dB

-4.00
-8.00
-12.00
-16.00
-20.00

0dB =237 Wkg=13.75 dBW/kg

Certificate No: D2600V2-1040_May23 Page Saf 8
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Impedance Measurement Plot for Head TSL
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Antenna Parameters with Head TSL

From cal. data

Measured 2024-06-21

Impedance; transformed to feed
point

49.8Q -5.6|Q

50.8Q -5.2jQ

Return Loss

-25.1dB

-25.6dB
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DASYS5 Validation Report for Body TSL

Date: 11.05.2023
Test Laboratory: SPEAG, Zurich. Switzerland
DUT: Dipole 2600 MHz; Type: D2600V2; Serial: D2600V2 - SN:1040
Communication System: UID 0 - CW; Frequency: 2600 MHz
Medium parameters used: £= 2600 MHz: ¢ = 2.2 S/m: &, = 52.2: p = 1000 kg/m’
Phantom section: Flat Section
Meusurement Standard: DASYS (IEEE/NEC/ANSI C63.19-2011)
DASYS2 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(7.83, 7.83. 7.83) @ 2600 MHz; Calibrated; 10.01.2023
» Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
» Electronics: DAE4 Sn601; Calibrated: 19.12.2022
« Phantom: Flat Phantom 5.0 (back): Type: QD 000 P50 AA: Serial: 1002
o DASYS2 52,10.4(1535); SEMCAD X 14.6.14(7501)

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

Reference Value = 109.1 Vim; Power Drift = -0.04 dB

Peak SAR (extrapolated) = 26.5 Wikg

SAR(1 g) = 13.7 Wikg: SAR(10 g) = 6.19 W/kg

Smallest distance from peaks to all points 3 dB below ~ 8.5 mm

Ratio of SAR at M2 to SAR at M1 = 53%,

Maximum value of SAR {measured) = 22.2 Wikg

dB

4,00
-8.00
-12.00
-16.00
-20.00

0dB =222 Wikg - 13.46 dBW/kg

Cartificate No: D2600V2-1040_May23 Page 7 of 8
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Impedance Measurement Plot for Body TSL
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Calibration report “5GHz System check dipole”

Calibration Laboratory of Schwezarischar Kalibrisrdienst

Schmid & Partner Service sulsse d dalonrage
Engineering AG Servizio svizzoro di taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibration Service

ACCraced by te Swiss Accradiation Serics (SAS)
The Swiss Accreditation Servics is one of the signatories to the EA

Multilateral Agr for the

gnition of

Client  Cetecom Advanced
Saarbricken, Germany

cortificates

Accreditation No.: SCS 0108

- D5GHzV2-1055_May24

CALIBRATION CERTIFICATE

Primary Standards

Cabbration Equpmant ussd (MATE critical for calbration)

0

Otjnct DSGHzV2 - SN: 1055
Casbation procedure(s) QA CAL-22.v7

Calibration Procedure for SAR Validation Sources between 3-10 GHz
Calbraton dste: May 16, 2024
This certifcate the traceatity o natonal stanclirds. which reakze the physioal Lnits of measwements (S1).
Th o and the ur with condid b Y r6 given on the followng pages and am pan of the certiticaso.
Al H00s hirve been condy

d i1 8 (10660 laboralony RCity: enwironmeed enparture (22 = 3)°C and Purecity < 70%

fssued May 16, 2024

This cadbraton cenficate ahwl nol be reproduced exoige in Il wihout wrilien appeaval of the laboratary

- Cal Date (Coitcats No | Sche C |

Powor mesar NP2 SN: 104778 26-Mar-24 (No. 217-0403504037) Mar.25
Power sensor NAP-291 SN 103244 26-Mar-24 (No. 217.04036) Mar.25
Poweer sensor NAP-291 SN 103245 26-Mar-24 (No. 217-04037) Mar. 25
Redarerce 20 o8 Atteruator SN BHE39e (20k) 76-Mar-24 (No. 217-04046) Mar-26
Type-N memalch combnation SN 310982 06327 26-Mar-24 (No. 217-04047) Mar-25
Reterence Probe CX30V4 SN 3503 O7-Mar-24 (No. EX5-3503_Mar24) Mar-26
DAE4 SN 801 30-Jan-24 (No. DAE4-601_Jan24) Jan-26
Secondary Starddarcs 2] Cnock Cate {in houss) S Checs
Power macer E4d168 SN GBIgS12475 300ct-14 in house chock Oct-22) In house chock: Ot 24
Fowar sansar HP 84814 SN US37202783 O7-Oct-15 (in houss check Oct-22) In heuse checs: Oct-24
Powar sensor HP 84814 SN MY41003315 O7-0ct-15 (iIn housa check Oct-22) In house check: Oct-24
AF generator HAS SMT08 SN 100072 15-Jurr- 15 (0 house chack Ocs-22) In howse chack: Oct-24
Netaors Aralyzer Aglent EB3S8A | SN US41080477 31-Mar-14 (in house chack Oct-27) In house check 001-24

Namo Furction {ohane)
Cabesed by Claudic Leubler Laboratery Techniclan [ 1Y

82,

Appeoved by Svan Kdnn Technkcal Manager
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Calibration Laboratory of

s scher Kalibri

Schmid & Partner g Service suisse d étalonnage
Engineering AG Servizio swizzero i tarstura

Zoughausstrasse 43, 8003 Zurieh, Switzeriand S Swiss Calibration Service

Actrudited by the Swiss AccredRason Senvick (SAS) Accreditation No.: SCS 0108

Tusnmmwoutmsmmumamummmmmn

Multiisteral Agr for the gnitien 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) |EC/IEEE 62209-1528, “Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Frequency Fields From Hand-Held And
Body-Worn Wireless Communication Devices - Part 1528: Human Models, Instrumentation
And Procedures (Frequency Range of 4 MHz to 10 GHz)", October 2020,

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

Additional Documentation:
c) DASY 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 source is mounted in a touch configuration below the
center 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 Return Loss ensures low
reflected power. 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%.

Certifcate No: DSGHzV2-1055_May24 Page 2ot 8
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Measurement Conditions
DASY system configuration, as far as not gven on page 1.

DASY Version DASYS52 V52104

Extrapolation Advanced Extrapodation

Phantom Modular Flat Phantom V5.0

Distance Dipole Center - TSL 10 mm with Spacer

Zoom Scan Resolution dx, dy = 4.0 mm, 4z » 1.4 mm Graded Ratia = 1,4 (Z direction)
5200 MHz = 1 MH2

Frequency 5500 MHz = 1 MH2
5800 MHz = 1 MHz

Head TSL parameters at 5200 MHz
The foflowing parameters and calculstions were applied.

Temperature Permittivity Conductivity

Nominal Head TSL parameters 20°C 360 4.66 mha/m

Measured Head TSL parameters (220:02)°C HBB=6% 4 54 mho/m =6 %

Head TSL temperature change during test <05°C — -
SAR result with Head TSL at 5200 MHz

SAR averaged over 1 cm® (1 g) of Head TSL Condition

SAR measured 100 MW ingut power 7.80 Wkg

SAR for nominal Head TSL paramatars normalzed to 1W 78.3 Wikg * 19.9 % (k=2)

SAR averaged over 10 cm® (10 g) of Head TSL condition

SAR measured 100 mW ingut power 2.22 Wikg

SAR for nominal Head TSL parameters normalized 10 1W 22.3 Wikg £ 19.5 % (ke2)

Head TSL parameters at 5500 MHz
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 356 496 mha/m
Measured Head TSL parameters 220202)"C 36B226% 4.85 mho'm + 6 %
Head TSL temperature change during test <05°C - e
SAR result with Head TSL at 5500 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condition
SAR measured 100 mW input power B8.56 Wikg
SAR for nominal Mead TSL parameters normalized 1o 1W 85.8 Wikg + 19.9 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measured 100 mW mnput power 2.43 Wikg
SAR for nominal Head TSL parameters nomalized 10 1W 244 Wikg = 19.5 % (k=2)

Centicate No: DSGHZV2-1055_ May24
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Head TSL parameters at 5800 MHz
The fofowing parameters and cakulalions were agplied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 353 5.27 mho'm
Measured Head TSL parameters (220£02)°C 35826% 519 mho/m £ 6 %
Head TSL temperature change during test <05°C - ve
SAR result with Head TSL at 5800 MHz
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 100 mW input power 8.08 Wkg

SAR for nomanal Mead TSL parameters

normakzed 1o 1W

80.9 Wikg +19.9 % (k=2)

SAR averaged over 10 cm? (10 g) of Head TSL

conditicn

SAR measured

100 mW ingut power

2.29 Wikg

SAR for nominal Head TSL parameters

nommalhized to 1W

22.9 Wikg +19.5 % (k=2)

Cenificate No: DSGHzV2-1055_May24
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 5200 MHz

Impedance, ransiormed ta feed point 5040-94jQ
Retum Loss -206d8

Antenna Parameters with Head TSL at 5500 MHz

Impedance. transformed 10 feed point 5070Q-38j2
Aatum Loss -284 4B

Antenna Parameters with Head TSL at 5800 MHz

impedance, transformed 1o feed point S820+05jQ
Reatum Loes -246dB

General Antenna Parameters and Design

| Eiectricai Delay one direction) | 1.204 s

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

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is directly connected 10 the
second amn of the dipola. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, small end caps
are added 1o the digole arms In order 10 imgrove matching when loaded according 1o the pastion as explained in the
"Measurement Conditions® paragraph. Tha SAR data are not atfected by this change. The overall dipole fangth is etill
according to the Standard.

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

Additional EUT Data

[ Manutfacturea by I SPEAG

Ceortificate No. DSGH2zV2-1065 May24 Paga 5018
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DASYS5 Validation Report for Head TSL

Date: 16.05.2024
Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole DSGHzV2; Tyvpe: DSGHzV2; Serial: DSGHzV2 - SN: 1055

Communication System; UID 0 - CW; Frequency: 5200 MHz, Frequency: 5500 MHz, Frequency: 5800
MHz

Medium parameters used: = 5200 MHz; 6 = 4.54 S/m: & = 36.8; p = 1000 kg/m'

Medium parameters used: £ = 5500 MHz; o = 4.85 S/m; & = 36.2; p = 1000 kg/m*

Medium parameters used: = 5800 MHz: 6 = 5.19 $/m; & = 35.8: p = 1000 kg/m®*

Phantom section: Flat Section

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

DASYS2 Configuration:

» Probe: EX3DV4 - SN3503; ConvF(5.63. 5.63, 5.63) @ 5200 MHz, ConvF(5.04, 5.04, 5.04) @ 5500
MHz, ConvF(4.86, 4.86, 4.86) @ 5800 MHz; Calibrated: 07.03.2024

*  Sensor-Surface: 1.4mm (Mechanical Surface Detection)

* LElectronics: DAE4 Sn601; Calibrated: 30.01.2024

+ Phantom: Flat Phantom 5.0 (front); Type: QDOJOPSOAA; Serial: 1001
o DASY5252,10.4(1535): SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5200 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm. dz=1.4mm

Reference Value = 71.90 Vim; Power Drift = 0.05 dB

Peak SAR (extrapolated) = 26.7 W/kg

SAR(I g) = 7.80 Wikg; SAR(10 g) = 2.22 Wikg

Smallest distance from peaks to all points 3 dB below = 6.8 mm

Ratio of SAR at M2 to SAR at M1 = 70%

Maximum value of SAR (measured) = 17.6 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5500 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Mcasurement grid: dx=4mm, dy=4mm, dz=1 4mm

Reference Value = 72.97 Vim; Power Drift = 0.01 dB

Peak SAR (extrapolated) = 31.6 Wikg

SAR(1 g) = 8.56 Wikg; SAR(10 g) = 2.43 Wikg

Smallest distance from peaks 1o all points 3 dB below = 7.2 mm

Ratio of SAR at M2 10 SAR at M| =67 8%

Maximum value of SAR (measured) = 20.0 Wikg

Dipole Calibration for Head Tissue/Pin=100mW, dist=10mm, f=5800 MHz/Zoom Scan,
dist=1.4mm (8x8x7)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 70.13 V/m; Power Drift = 0,08 dB

Peak SAR (extrapolated) = 30,7 W/kg

SAR(1 g) = 8.08 W/kg; SAR(10 g) = 2.29 W/kg

Smullest distance from peaks to all points 3 dB below = 7.2 mm

Certiicate No: D5GHZV2-1055_May24 Pageof8
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Ratio of SAR at M2 10 SAR at M1 = 66.4%
Maximum value of SAR (measured) = 19.3 Wikg

dB
0

-8.21
-16.42
-24.63

-32.84

-41.05

0dB =20.0 Wikg = 13.01 dBWrkg
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Impedance Measurement Plot for Head TSL
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11 Calibration certificate of Data Acquisition Unit (DAE) — SN: 477
Calibration Laboratory of Schwelsarischer Kalibrierdlenst
Schmid & Partner Service suisse d'étatonnage
Engineering AG Servizio svizzero di taratura
Zeughsusstrasse 43, 3004 Zurich, Switzerland Swiss Calibration Service
Accredited by the Swiss Accreditation Sanice (SAS) Accreditation No.: SCS 0108
The Swias Accreditstion Service is one of the signatories to the EA
Multilateral Agreemant for the recognition of calibration certificates
ciiem  Cetecom Advanced
Certficate No: DAE4-477_May24
[CALIBRATION CERTIFICATE
Object DAE4 - SD 000 D04 BO - SN: 477
Cafitnabion peocedure(s) QA CAL-06.v30
Calibration procedure for the data acquisition electronics (DAE)
|
Caltoration date: May 22, 2024
This caktration certficale documents the tracaabikty 1o nabonal standards, which reafize the pryaical units of MEas.Lements (S
The erts and the i with confick [ y are grven on the feliowng pages and are pan of the cenilicate
Al catiorations have been canducted in the closed laboeatory lasiny. environment termpanlure (22 = 31°C and humidity < 70%,
Cabbration Equpment used {MATE critical 1or caltration)
Pamary 15 (o Cal Date (Certticats Na.) Scheculed C
I‘amey Mulfenster Type 2001 SN: 081027E 20-ALGg23 (Na 37421} Aug-24
Secondary Standards Dr o Check Date (in house) Schaduec Cneck
Auto DAE Caibraton Unt SE UWS 053 AA 1001 23-Jan-24 [in house creck) In house chack: Jan-25
Calibrator Box V21 | SE UMS 00€ AA 1002  23-Jan24 (In house check) in house check: Jan-25
Name Functicn Signaturs
Cakbeatod by Acrian Gehring Laboraory Technician

7~

Approved by; Svan Kihn Techvical Manager \‘ 1} @j’_\/t ANA U

kssved: May 22, 2004
This calibration cerficate shali not ba reproduced aucepl in UK wihowt writen approval of the ladontoey.

Canificate No: DAE4-477_May24 Page 1015
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12 Calibration certificate of Data Acquisition Unit (DAE4ip) — SN: 1842

Calibration Laboratory of e\‘w@y.& s

Schmid & Partner %" N - pt
Engineering AG 5 3

mgn?umm g;. 8004 Zurich, Switzerland 17\//—;\\‘\? S

Accroitod by e Swss Accreditation Senice (SAS)
Tho Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agreement for the recognition of calibration certificates

Client Cetecom Advanced

Schwelzerischer Kalibrierdienst
Service suisse d'étalonnage
Servizio svizzero di taratura
Swiss Calibeation Service

Accreditation No.: SCS 0108

Certificate No: DAE4ip-1842_Nov24
Saarbricken - Garmany

CALIBRATION CERTIFICATE

Object DAE4ip - SD 000 D14 AG - SN: 1842

Cafbration procedure(s) QA CAL-06.v30

Calibration date November 08, 2024

Calibeaton Equpment used (MATE critical for cakbrason)

Calibration procedure for the data acquisition electronics (DAE)

This calbration cortilicale documents the traceabllity 1o national standards, which realge the physcal units of measurements (S1)
Tha measurements nnd the uncenainties with confidence probability are given on 1he following pages and are pan of the ceaificate,

Al calibrations have boon conducted in the closed laboratory facity: enviconmant temperature (22 » 3)°C and humidty < 70%

This calitration certicate shall not be repeoduced axcapt i full without written approval of the laboratory.

Primary Standasds D» Cal Date (Certifcate No ) Scheduled Calbration
| Keitniey Mutsmeter Type 2001 SN 0810278 27-Aug-24 (No:4054 1) Aug-25

Secondary Standards 1D ¥ Chack Das (in house] Scheduled Check

Auto DAE Caseaton Unit SE UWS 053 AA 1001 23-Jan-24 (In house check) In house check. Jan-25
Calibeator Box V2.1 SE UMS 006 AA 1002 23-Jan-24 (in housae check) In heuse check: Jan-25

Name Function Si ]
Calibratod by Addan Gehring Laboratory Tochaican /f
Approved by Sven Kohn Technical Managar

i &[(‘,Luu (

Issued: November §, 2024

Certificate No: DAE4ip-1842_Nov24 Page 1of 5
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13 Certificate of “SAM Twin Phantom V4.0, V5.0, V8.0”

Schmid & Partner Engineering AG

|»

p e a

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

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, 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.

ok

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

[2] IEEE 1528-2003, “Recommended Practice for Determining the Peak Spatial-Average Specific
Absorption Rate (SAR) in the Human Head from Wireless Communications Devices: Measurement
Techniques, 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] IEC 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

Schmid & ner Engineering AG
Zeuglfausstrass€ 43, Boﬁl‘%ﬂan
PReeg 1O Fap 46 77¢

S sneag.com

Doc No 881-QD 000P40C-H

Page

1(1)
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Schenid & Partner Enginearing AG
S P e a g
Zeughausstrassa 43, BOO4 Zurich, Switzartand
Phone 41 44 245 9700, Fax +41 44 245 9779
Info@speag.com, httpiwww.speag.com
Certificate of Conformity / First Article Inspection
Item 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, Switzeriand
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 =x 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 fiat section, in Nat saction, Flrst article,
of shell other locations: +/- 0.2mm with in the cheek area Samples,
respect to CAD file TP-1314 ff,
Materlal thickness | Bmm +/- 0.2mm at ERP First article, All
at ERP tems
Material rel. permittivity 2 - 5, rel. permittivity 3.5 +/- 0.5 | Material
paramelers ioss tangent s 0.05, at 1< 6 GHz | loss tangent s 0.05 samples
Material resistivity | Compatibility with tissue Compatible with SPEAG Phantoms,
simulating liquids . liquids, ** Materlal 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.

*  ThelT'IS CAD file is derived from [2] and is also within the tolerance requirements of the shapes of
the other documents.

" Note: Compatibiity restrictions apply certain liquid components mentioned in the standard,
centaining e.9. DGBE, DGMHE or Triton X-100. Observe technical note on material compatibllity.

Standards

[1] KDB 865664, “SAR Measurement Requirements for 100 MMz 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 62209-2 ed1.0, “Human exposure to radio frequency fields from hand-heid 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.
s p e a g :
Date 10.06.2015 Schavd & Fartnat Engingerng AG
K Zeusghausssuasse 43, B0 2urch, Swtrerda o
Signature / Stam Fhaena +41 :2:5"9';01 Fax .‘41 uoz:: -}
DocNo 8B1-CDOIDPATA-A Page 1(1)
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14 Certificate of “ELI Phantom V8.0”’

Schmid & Partner Engneering AG

|7
=]
jo
o
Q

Zeughauvsstrasse 43, B004 Zuwich, Switzerland
Phone +41 44 245 9700, Fax +41 44 245 9779
info@speag.com, httplivavaw.speag.com

Certificate of Conformity / First Article Inspection

Itemn Oval Flat Phantom ELI v8.0
Type No QD OVA 004 A
Serles No 2048 and higher
Manufaclurer Unlersee Composites
Knebelstrasse 8, CH-8268 Mannenbach. Switzerland

Tests
Complete tests were made on the protolype 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 Detalls Units tested
Shape Internal dimensions, depth and | Bottom elliptical 600 x 400 Prototypes
sagging are compatible with mm, Depth 180 mm,
standards dimension compliant with {1]
for f> 375 MHz
Material thickness | Bottomn: dimension compliant with all
2.0mm +/- 0.2mm 3] for 1> BOO MHz
Material rel. permittivity 2 - 5, rel. parmittivity 3.5 +/- 0.5 Material
paramelers loss fangent £ 0.05,at i< 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 fiat section in within tolerance for filling Prototypes,
tolerance when filled with height up o 155 mm samples
tissue simulating liquid.

**"Note: Compatibility resirictions apply certain liquid components mentioned in the standard,
containing e.9. DGBE, DGMHE or Triton X-100. Observe technical note on material compatibility.

Standards

{1] KDB B65664, “SAR Measurement Requirements for 100 MHz to 6 GHz"

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

[3] |EC 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 absorplion rate (SAR) for hand-held devices used in close
proximity to the ear (frequency range of 300 MHz to 3 GHz)", February 2005

[4) IEC 62209-2 ed1.0, “Human exposure to radio frequency fields from hand-held and body-mounted
wireless communication devices - Human models, instrumentation, and procadures - Part 2:
Procedure to determine the specific absorption rate (SAR) for wireless communication devices used
In close proximity to the human bedy (frequency range of 30 MHz to 8 GHz)", March 2010

Conformity

Based on the sample tests above, we cerify 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.

§ p e a g
Date 10.06.2016 :
d & Patner Engren-og AG
ussIRssa 43, 8004 Junich, Savenardand
3Ignl!urelsunp/,d/7/ ; 41 £4 245 8700, Fax +41 46 2459779

COM. MDY awer S080 Com

DozNo 851 -QDOVAOU4 A-A Page 1)
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15 Application Note System Performance Check

15.1 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.

15.2 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 20mwW 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:

+ 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.

+ 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.

15.3 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 range

DASY 5 - Uncertainty Budget for System Validation

Source of Uncertainty | Probability |Divisor| Ci ¢i_| Standard Uncertainty | 2 op

uncertainty Value Distribution (19) [ (109) | + %, (19) | £ %, (10Q) | V.q
Measurement System
Probe calibration + 6.6 % Normal 1 1 1 |+ 66%[+ 66%]|
Axial isotropy + 4.7 % | Rectangular | 3 1 1 [+ 27%|+x 2.7% 0
Hemispherical isotropy + 9.6 % | Rectangular | 3 0 0 |+ 00%[+ 0.0% 0
Boundary effects + 1.0 % | Rectangular | 3 1 1 [+ 06%|+ 0.6% 0
Probe linearity + 4.7 % | Rectangular | V3 1 1 |+ 27%[+x 27%]| =
System detection limits + 1.0 % | Rectangular | V3 1 1 [+ 06%|+x 06% 0
Readout electronics + 0.3 % Normal 1 1 1 |+ 03%[+ 03%]| =
Response time + 0.0 % | Rectangular | 3 1 1 [+ 00%|+ 0.0% 0
Integration time + 0.0 % | Rectangular | V3 1 1 [+ 00%|+ 0.0% 0
RF ambient conditions + 1.0 % | Rectangular | V3 1 1 [+ 06%|+x 0.6% 0
Probe positioner + 0.8 % | Rectangular | V3 1 1 [+ 05%|+ 05% 0
Probe positioning + 6.7 % | Rectangular | V3 1 1 [+ 39%|+ 39% 0
Max. SAR evaluation + 2.0 % | Rectangular | V3 1 1 [£ 12%|+x 12% 0
Dipole Related
Dev. of exp. dipole + 55 % [ Rectangular | V3 1 1 [+ 32%|+ 3.2% 0
Dipole Axis to Liguid Dist. + 2.0 % | Rectangular | V3 1 1 [+ 12%|+x 12% 0
Input power & SAR drift + 3.4 % | Rectangular | V3 1 1 [+ 20%|+x 20% 0
Phantom and Set-up
Phantom uncertainty + 40 % | Rectangular | V'3 1 1 |+ 23%[+x 23%]| =
SAR correction + 1.9 % [ Rectangular | V3 1 10841+ 11%[+ 09% 0
Liguid conductivity (meas.) + 50 % Normal 110781071+ 39%|+ 3.6%[ =
Liguid permittivity (meas.) + 50 % Normal 11026026 13%|x 13% ©
Temp. unc. - Conductivity + 1.7 % | Rectangular | V3 [0.78[ 071 [+ 08%|+ 07 %[
Temp. unc. - Permittivity + 0.3 % | Rectangular | V3 [023]026[+ 00%[|+ 0.0% 0
Combined Uncertainty + 10.7 %]+ 106 % | 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.

Page 90 of 94




Appendix no.: 1-6411-23-01-40_TR1-A201-R0O1 @

cetecom

advanced

cDASY 6 - Uncertainty Budget for System Validation
for the 0.3 - 6 GHz range

Source of Uncertainty | Probability [Dvisor] ¢ | ¢ | Standard Uncertainty | ;2o

uncertainty Value Distribution (1g) [(20g)| =%, (19) |+ %, (109)| Veq
Measurement System
Probe calibration + 66 % Normal 1 1 1 |+ 66%|+x 66%| =
Axial isotropy + 47 % | Rectangular | V3 1 1 |2 27%|x 27% 0
Hemispherical isotropy + 96 % | Rectangular| 3 0 0 [+ 00%[+ 00%]| =
Boundary effects + 10 % | Rectangular | V3 1 1 |+ 06%|x 06% 0
Probe linearity + 47 % | Rectangular| 3 1 1 |+ 27%[+x 27%]| «
System detection limits + 10 % | Rectangular | V3 1 1 |+ 06%|x 06% 0
Modulation Response + 0.0 % | Rectangular | V3 1 1 |+ 00%[+x 00%]| =
Readout electronics + 03 % Normal 1 1 1 |+ 03%[+ 03%]| =
Response time + 0.0 % | Rectangular| 3 1 1 |+ 00%[+x 00%]| ~
Integration time + 0.0 % | Rectangular | V3 1 1 [+ 00%[+ 00%]| =
RF Ambient Noise + 10 % | Rectangular | V3 1 1 |+ 06%|x 06% 0
RF Ambient Reflections + 10 % | Rectangular | V3 1 1 |+ 06%|x 06% 0
Probe positioner + 0.04 % | Rectangular | V' 3 1 1 [+ 00%|+x 0.0% 0
Probe positioning + 0.8 % | Rectangular | V3 1 1 |+ 05%|+x 05% 0
Max. SAR evaluation + 0.0 % | Rectangular | V3 1 1 [+ 00%|x 0.0% 0
Dipole Related
Dev. of exp. dipole + 55 9% | Rectangular | V3 1 1 |+ 32%|x 3.2% 0
Dipole Axis to Liquid Dist. + 2.0 % | Rectangular | V3 1 1 [£ 12%|x 12% 0
Input power & SAR drift + 34 % | Rectangular | V3 1 1 [+ 20%|x 20% 0
Phantom and Set-up
Phantom uncertainty + 40 % | Rectangular | V3 1 1 |+ 23%|x 23% 0
SAR correction + 19 % Normal 1 1 10841+ 19%[+ 16% 0
Liquid conductivity (meas.)°"X + 25 % Normal 110781071+ 20%|[+ 18% 0
Liquid permittivity (meas.)°™< + 25 % | Normal 11023[026[+ 06%[+ 07%[ -
Temp. unc. - Conductivity®® + 34 % [Rectangular | V3 [ 078071 [+ 15%[+ 14%[
Temp. unc. - Permittivity®® + 04 % |Rectangular | V3 | 023|026+ 01%|x 01%|
Combined Uncertainty + 95%|+x 94 %
Expanded Std. Uncertainty + 190%]|+ 188 %

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

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 Ci Standard Uncertainty
Symbol Error Description | Distributi Divisor S S
Value istribution (19) | (@0g) | %, (19) |J_r %, (10g)
Measurement System Errors
CF Probe Calibration Repeat. + 131 % Normal 2 1 1 + 93% [+ 93 %
CFdrift  |Probe Calibration Drift + 1.7 %/ Rectangular [ ¥ 3 1 1 + 10%|+x 1.0%
LIN Probe linearity + 4.7 %] Rectangular | V 3 0 0 + 00%[|x 0.0%
BBS Broadband Signal + 0.0 %/ Rectangular [ ¥ 3 0 0 |+ 00%|+x 0.0%
ISO Probe Isotropy (axial) + 4.7 % /| Rectangular | ¥ 3 0 0 + 00%[|[+ 0.0%
DAE Data Acquisition + 0.3 % Normal 1 0 0 + 00%[|+ 0.0%
AMB RF Ambient + 0.6 % Normal 1 0 0 + 00%|+x 0.0%
JAVR Probe Positioning + 05 % Normal 1 0291029 |+ 01%|x 01%
DAT Data Processing + 00 % Normal 1 1 1 + 00%|+ 0.0%
Phantom and Device Errors
LIQ(o) [conductivity (meas.)P¥ + 25 % Normal 1 |078[071 |+ 20% |+ 18 %
LIQ(To) |Conductivity (temp.)®® + 3.4 %|Rectangular [ V3 [078] 071 |+ 15% |+ 14%
EPS Phantom Permittivity + 14.0 % | Rectangular | V 3 0 0 + 00%[|x 0.0%
DIS Distance DUT - TSL + 1.3 % Normal 1 2 2 + 26% | 26%
MOD DUT Modulationm + 0.0 %] Rectangular | V 3 1 1 + 00%[|x 0.0%
TAS Time-average SAR + 0.0 %/ Rectangular [ ¥ 3 1 1 + 00%|+ 0.0%
VAL Validation antenna + 32 % Normal 1 1 1 * 32%|+x 32%
Pin Accepted power + 20 % Normal 1 1 1 + 20% ([ 20%
Correction to the SAR results
C(e, 0) |Deviation to Target + 19 % Normal 1 1 084+ 19% |+ 16%
u(ASAR) |Combined Uncertainty + 108 % |+ 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 ?e f fequal to «.
Footnote details:
BB if SPEAG’s broad-band liquids (BBL) are used that have low temperature coefficients;

PAK if SPEAG’s high precision dielectric probe kit (DAK) is applied.
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15.4 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 [:Att3 1 } @

- Att2 L
® ——(ew) (e

&) —=
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.
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+ Use the same power level for the power setup with power meter PM1 as for the actual measurement to
avoid linearity and range switching errors in the power meter PM2. If the validation is performed at
various power levels, do the power setting procedure at each level.

* The dipole must be connected directly to the cable at location “X”. If the power meter has a different
connector system, use high quality couplers. Preferably, use the couplers at the attenuator Attl and
calibrate the attenuator with the coupler.

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

15.5 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.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.

15.6 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:

» The validation can be performed at different power levels to check the noise level or the correct
compensation of the diode compression in the probe.

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

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