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Calibration report “Probe EX3DV4” — SN: 3944

Calibration Laboratory of L e
Schmid & Partner m C  Servizio svizzera di taratura
Engineering AG ,/3 ¥ S Swiss Calibration Service

Zoughaussirasse 43. 8004 Zurich, Switzerland

Accredted by the Swiss Accredtaticn Service (SAS)
The Swiss Accreditation Seevice i3 cne of the signatories 1o the EA
Multilsteral Agreement for the recognition of callbration certidicates

Accreditation No.: SCS 0108

s - — - —,

Client Cetecom Advanced Certificate No. EX-3944_ May24
Ssarbricken, Germany
| CALIBRATION CERTIFICATE |
Cbject EX3DV4 - SN:3944 ‘
Calbration procedure(s) 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

Ths calbration cerahcate documents mc ryawnynnal-onll tanciads, which realize the J urits of (59,
The and the j with Y A given on e lolowing pages &nd are part of the certiticate.

All calibrations have been conducled in the chksed Rboralory Saciily. ewifronment lemperalure {22 + 3)°C ard humidiy « 70%
Catbravon Equpmant used (METE crtical lor clibration)

[

_Phmary Standards |10 Cal Dare (Cevtificate No.) Scheduled Calibraten
Power mena: NAP2 SN 104778 26-Mar-2& (No. 21704036/04037) Mar-25 )
Powar san50r NRP-291 SN: 103244 26-Mar24 (Na. 217-04038) Mar25
OCPDAK3S (weghted) | SN: 1249 08-Oct-23 [OCA-DAKS 5-1249_0xiz3) Oct-24

| OCPDAK:12 SN 1016 0E-Oct-23 (OCH-DAK12:1015_0xiz3) Oct-24
Feference 20 oB Attoruator | SN: CL2552 (20%) 26-Mar-24 (No. 217-04046) Wiar 25
DAEQ SN: 660 73-Feb-24 (No. DAEA-660_Feb24) Foo25

| Redavence Probe EX3DV4  SN: 7343 03-Now 23 [No. EX3-7349_NavZ3| Nov-24 y
Secondery Standards | 1D N Chack Date (in house) Scheduied Check
Power mater E44198 SN- GBarzsaste 05 Ape- 16 (i houise chack Jun-22) 12 house chack: Jun-24

~ Fower sensor E4412A SN: AMY41498067 | 05-Ape16 (mn house check An 22) 11 house chece Jun-24 |
| Power sensor £4412A | SN: 000110210 | 08-Ape-16 (i house check An-22) | In house check Jun-24
"RF g wwmc SN: US3642061700 i 04-Aug-29 (in house chedk Jun-22) ! in house check 24 |
[ "Notwork Analyzer SEa58A | SN: USe1080e7F  31'M 14 1in house check Oc-22) In house chece OaQ’_

Nama Funclion Signature

Catbrated by Joanna Lieshaj Laboratoey Techrician W 7 ig
Appeoved oy Sven Kihn Technica) Manager

So®

Issad: May 21, 2024
This caloration cersficate shal not be reproduced except in full without writien appeaval of the faboratory,

Certificate No: EX-3844_May24 Page 1 of 22
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Calibration Laboratory of ,&-\'\*L'_f,‘"}'-n.
Schmid & Partner iy
Engineering AG T
Zeughaussirasse 43, 8004 Zurich, Switzerand LN

Accracited by e Swiss Accreditation Servics [SAS)
The Swiss Accreditation Service is one of the signatories 1o the EA
Multiateral Agreemaent for the mecognition of calibeation centificates

Glossary

TSL tissue simulating Iqud

NORMx yz sensitivity in free space

CorwF sensitivity in TSL / NORMx.y.z

oce diode comprassion point

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

A B.C.D modulation dependent inearzaton parameters

Polanzation ¢ @ rotanon around probe axs

Polanzation ¢ & rolaticn around an axis that is in the plane normal 10 probe axis (at measurement center), le, 0 =05
normal to probe axis

Connector Angie  Information used in DASY system to align probe sensor X 10 the robol coordinale system

Calibration is Performed According to the Following Standards:

a) IEC/IEEE 62209-1528, "Measurement Procedure For The Assessment Of Speciic Absorption Rate Of Human Exposure
To Radio Frequency Fields From Hand-Heid And Body-Worn Wireless Communication Devices - Part 1528: Hyman
Medeis, Instrumentation And Procedures (Frequency Range of 4 MKz 10 10 GHz)", October 2020.

b) KDB 865664, “SAR Measurement Requirements for 100 MMz 1o § GHz"

Methods Applied and Interpretation of Parameters:

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

« NORMflx.y.z = NORMY )2 * frequency_raspense (see Frequancy Response Chart). This lingarzation is implemanted in
DASY4 software versions iater than 4 2. The uncertainty of the frequency responsa is included In the stated uncertainty of
CorwF.

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

+ PAR: PAR & the Peak to Average Ratio that Is not calibvated but determined based on the signal characteristics

= Axyz; Bryz; Cxyz; Dxy2; VRxyz: A, B, C, D are numencal lnearization parameters assessed tased on the data of
power sweep for specilic medufation signal, The parameters do not depend an Irequancy nor media. VA is the maximum
calibration range expressed in RMS valtage acrass the diode.

* ConvF and Boundary Effect Pa % A d in #at phantom using E-field (or Temperature Transsar Standard for
f = 800MHz) and inside waveguide using analytical fieid distriutians based on powsr measuraments for f > 800MHz. The
same selups are used for t of the p eters applied for boundary compensation (alpha, depth) of which typical
uncerlanty values are given, Thesa parameters are used in DASY4 soltwara to improve probe aceuracy close to the
toundary. The ity in TSL comesponds to NORMx.y.z * CorvF wheredy the uncertainty corresponds 1a that given for
CanvF. A frequency dependent ConvF is used in DASY version 4.4 and higher which allaws exiending the validity from
+50 MHz to = 100 MHz.

+ Sphericai isotropy (3D deviabion from isotropy): 3 lield of low gradients raatzed using a fat phanlom exposed by a paich
anterna.

* Sensor Offset: The sansar offset correspands 1o the offset of virtual measuremant centar from the probe i (on probe wxis),

No tolerance required.

+ Connector Angie: The angle is assessad using the mformation gained by determining the NORMx (no uncertainty required).

Cartificate No; EX-3944_May24 Page 2 o 22
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10354 | Puise Wanelorm (200Hz, 40%)

2000 | 9785 | 2225| 388 | 850 £13%  S9B%

70 Ise Wavelorm (200Hz, 60%) 2000 | 10486 | 2440 | 222 | 1200 | 1.3%  29.6% |

EX30V4 - SN-3844 May 21, 2024
Parameters of Probe: EX3DV4 - SN:3944
Basic Calibration Parameters
Sensor X SensorY | SensorZ Unc (k =2)
Norm (uV/(Vim)®) A 0.56 0.61 042 | £10.1%
DCP (mv) © 012 1007 | 1038 +47%
Calibration Results for Modulation Response
"UID | Communication System Name A | B _| ©C 1] VR | Max | Max
d8  dBuV d8 | mV | dev.  UncE
! | k=2
0 CW X1 0007 000 | .00, 000 1208 | =1.2% | +4.7% |
Y| 000 006 | 100 1407
Z] 000 0.00 100 | 1323
10352 | Puise Wavelorm (200Kz, 10%) X12000 9222 | 2158 1000 | 600 | 228% | £9.6% |
(Y2000 9534 | 241 0.0
| Z] 2000 | 8840 | 1500 | [ 800 |
10353 | Pulse Wavelorm (200Hz, 20%) X| 2000 9354 | 2135| 609 800 | +1.3% | +0.6% |
Y| 2000 96 2372 80 ‘
2| 2000 | 9048 | 1478 800 |
X
Y
Z]
X
¥
~1

.
t
\
}

10387 ~ QPSK Wavelorm, 1MHz

.80 6591 | 1553 | 1.00 | 1500 | =1.7% | +96%

X
¥ 188 £5.18 | 15471 1500 |
e | TZTTT ] e7e0 | 1587 50,0
10388 | QPSK Wavelorm, 10 MHz X| 240 6903 | 1630 | 000 1500 | =1.1%  +0.6%
Y| 248 6888 | 1608 1500 |
< mpy . = Z| 229 Baa3 | 1827 | '_156'6"
10396 | 64-OAM Wavetorm, 100 kHz X| 288 7010 | 1856 | 301 1500 | =08% | £96%
Y| 344 7176 | 1926 71500 |
speuall (Z| 2 18.96 | 150
10399 | 64-QAM Wavedorm, 40 MHz X] 3% 6704 | 1580 | 0.00 1500 +0.7% | +9.6%
Y| 358 | 6702 | 15.73 1800
e o e [Z] 73427835 | 1575 1500
10414 | WLAN CCOF, 84.QAM, 40 MHz [X| 48B4 | 6548 | 1546 | 0.00  150.0  =1.7% | +9.6%
(Y| 488 | €545 | 1544 500
[z1 a7 esas | 5& 1507

Note: For datalls on UID parameters see Appendix

The reported urcertainty of measurament is stated as the standard uncertainly of measurement multiplled by the coverage
facior k=2, which for a normal distribution carresponds 1o 2 coveraga probabilty of approximately 85%.

A The uncertantos of Norm X.Y,2 20 not affect the E2-fekd uncersicty insds TSL (see Pages 5 and 6
® i g % et shengh

P ¥
€ Uncertanty s determired usirg Pa was.

 from irmar apaiyg DuAar GSDLTon and is Kepresbe ko he sous of e Sed vale.

Cartéicate No: EX-3344_May24 Page 3 of 22
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EX30V4 - SN:3844 May 21, 2024

Parameters of Probe: EX3DV4 - SN:3944

Sensor Model Parameters
4] cz a T 12 T3 T4 | TS T6
1 * - msv? | msv! ms pye | vt | ]
x 380 | 35419 3480 21.26 0.00 510 0.682 029 1.00
[y | €08 | 44e3s | 3830 | 2200 060 | 510 | 13 | 038 i3
Tz | 389 | 28355 34.06 1214 0.00 508 | 154 0.02 1.00
Other Probe Parameters
e Triangukar
Connector Angle - 15
| Mechanical Surface Detection Mode enabled
Optical Surface Detectian Mode ) dissbled
Probe Overall Length o 337mm
_ Probg_ Body Diameter o 10mm
Tolengh amm
Tip Diamatar C25mm
Probe Tip 1o Sansor X Calibvation Point ' T 1mm
Probe Tip 1o Senser Y Calibration Point Trm
| Probe Tip to Sansor Z Calibration Pomt T Yom
| Recommended Measurement Distance from Surface ) | t4mm

Note: Moasuremant cistance bom surace can be increased 10 54 mm or ws Ay Scan job,

Certificate No: EX-3944_May2é 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 | OomFYT’Cosz | Alpha® | Depth® | Unc
Pormittivity” (s/m) (mm) | (k=2)
s 550 0.75 1960 | 1960 | 1960 | 000 125 | +133%
13 550 075 17276 | 1778 | 1778 | o000 125 | +133%
450 435 087 "5 | 1as | was | ote 130 | +133% |
800 427 0.88 1066 | 1066 | 1066 | 010 125 | +133%
750 419 089 817 | 1002 943 | o037 127 | 411.0%
850 415 0.82 897 549 929 | 037 127 | 411.0%
%00 415 | 097 .87 968 | BES o 127 | 211.0%
1450 405 1.20 8.07 852 = 827 0.35 127 | +11.0%
1640 02 138 784 8.44 815 032 127 | +11.0%
1750 401 137 7.79 8.41 804 025 127 | +11.0%
1900 400 140 767 822 788 028 127 | s110%
2150 387 153 7.5 803 | 770 029 1.27 S11.0% |
2300 95 167 7.41 7.90 759 | 028 127 | +11.0%
2450 392 1.80 733 785 749 | 029 127 | £11.0%
2600 39.0 1.98 721 768 733 | 028 121 | £11.0%
3300 @2 27 667 708 676 | 034 127 | $131%
3500 37.9 201 859 | 702 6.67 034 127 | 131%
I 312 652 | 684 | 681 | 035 127 | 213.1%
5200 360 466 534 | 565 5% | 036 151 | $131%
5300 359 L a7e 520 | 541 509 0.39 155 | 4131%
| 5500 356 496 478 504 | 478 | 08 161 | £13.1%
5600 355 507 462 488 461 | 03 173 | 2131%
5800 353 527 487 485 45 | 041 178 | =131% |

°Wmmmmv-mwwﬂmnwvw‘mm(mma olse it 5 msltricted 10 £50MHz The uncertairty is the
RSS of the Comé y ang e o the frequency band. Fraquesty viddity beow J00MMz s £10, 25
40, wmnwvc«wwumu 128, 950 and 220 MHZ mspectwly. Visety of CormaF sssestod 31 & MM2 15 4-5MH2, and Comve
Assestad 3t 1IN is B-19MHZ. Above § GH2 Irequency wal dity can be saterced 1o 110 M
'mmwcmmmMQMImmmm:wawmm:wmmwmmwywm 13%)
and are vad tor TSL with caviations of up 19 + 10% # SAR corecton & apgiied

O Npta/Depth are citerrminnd curing caibraton. SPEAG tatthe g & oW b ¢ wect aller comp s Fways loss
an 11% for frequencies beiow 3 GHZ and Daktw 1 2% 107 Meguencss btwwen 3-8 Gz of any distance larper than tal the prone 1H clameer om e
zoundary.

Certificate No: EX-3944_May24 Page 5 of 22
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EX3DV4 - SN:3944 May 21, 2024

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

| t(MH2)° | Relative | Conductivity’ | ConvFX | ConvFY | ConvFZ | Alpha® | Depth®  une
Parmitivy” oy = L | oo | (k=D
6500 HS | 6.07 558 5.73 553 | 020 1.27 =18.6%

€ Froguency valiciy at 6 5GHz 5 - 6007 TOOMK2, and + TOOMHZ Al of abive 7Gez Tre uncatanty & the ASS of e Conf uscanainty sl cbnton
Ireguency and 1o Lnzetanty 1or the ndicaled Inquescy Sand

F T probes aee caltraind usieg Sesue smulating Squios (TSL) thar desiate 10r ¢ 070 & by 1835 7an = 17% om e sarget vakues (hpically bemer Pian +6%)
ane e vabd for TSL with deviasons of vp to 210%

Gmmmnommwumv EPEAG wirriels 1hal 1t tenanng devaton tus 1o the boundary stiect aber compansaton & atways less
thies £ 9% lor fracrancins below 3GHE; below 22% for fraquancies batween 3-6 GHz: anc below £4% for requercies detween 6-+10GHzZ a1 any dstance
Larger than hak the probe 1p clamater o™ fhe boundary.

Cartificate No: EX-3944 May24 Page 6 of 22
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EX30V4 - SN3944

08

Fraquency response (normalzed)

08|

07!

0.6

05—

0 200 400 600 80D 1000 1200 1400 1600 1800 2000 2200 2400 2600

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

f [MHz]

« TEM * R22

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

Cerlificate No: EX-3944_May24

Page 7 of 22

May 21, 2024
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EX30V4 - SN 3944 May 21, 2024
Receiving Pattern (¢), # = 0°
1-600 MHz, TEM, 0" 1=1800 MHz, R22, 0"
90” $0°
SEETLT SRR [~ X " > R ==X ‘
135° ‘ ks NG 45° .Y 136¢ e N 48° A
720 e 1 N |2 7 s\ FE
/ o g \ Tot | / -y « Tot
/ - . < 3 \ L <4 / . e . - 4 \ —
/ y . . 3 \ / . . i \
SR 1 opmw \ f. § ) B il .

t
Il . b . I' \ by ¢ ) . !
\ % ~ . g /."“ ‘I"\ | B : L /‘
\ . . ) , ooy, o
R et X% . /
2255 315" 225 i P
\_ﬂ_< - et <X "= o
270 pen
05
B R serst il FESBOC. o cm iy
[}
-05
0 60 120 180 240 300 360
Roll ]
« 100MHz - 60D MH2 1800 MHz « 2500 MKz
Uncenainty of Axial Isotropy Assessment: =0 5% (k=2)
Cartficate No: EX-3944_May24 Page B of 22
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EX3DV4 - SN.3344 May 21, 2024
Dynamic Range f{SARpaq)
(TEM coll, 1,5 - 1900MHz)
108
10
- ¥
S 10* F :
= ’
c i,
&
B
10°
107
= 10- 10! 10° 10 Rl
SAR [mWicm?]
= not compensaled - comgensated
2
1
o
2
50 e et S T
= .
> | |
| .
-2l - .-
10°2 10" 10° 10! 102
SAR [mwiiem?]
= not compensated + compensaled
Uncertainty of Linearity Assessment: +0.8% (k=2)
Cantdicate No: EX-3944_ May24 PageSof22
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EX30V4 - SN 3844 May 21, 2024

Conversion Factor Assessment

1=1900 MHz, WGLS R22 (H_comvF)

i)
£ 7N
g 15 Nk
c | .
5 10 > .
5 : .
% 10 20 30 40
z {mm)
~= - aralytcal - measured
Deviation from Isotropy in Liquid

Error (@, 8), f = S00MHz

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

Cerlificate No: EX-3944_May24 Page 10 of 22
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3  Calibration report “750 MHz System validation dipole”

Calibration Laboratory of

B izerischer Kalit
Schmid & Partner Service suisse d'étalonnage
Engineeting AG Servizio svizzero di taratua
Zeughausstrasse 43, 8004 Zurich, Switzerland Swiss Calibeation Service

Accredited by the Swiss Accreditation Serdos (SAS)

Accreditation No.: SCS 0108

The Swiss Accredilstion Service is one of the signatories 1o the EA
Multiiatersl Agreement for the recognition of calibration cenificates

Client  CTC advanced GmbH
Saarbricken, Germany

Cectificate No. D750V3-1041_May23

|[CALIBRATION CERTIFICATE

o

D750V3 - SN:1041
Calbration proceduris) QA CAL-05.v12

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz
Canbrason date: May 11, 2023

| This calbration cartitcate documents the racsatilly 10 national standads, which eales Ihe prysical unts of messurémants [S1)
The measuraments and the urcertantios with confidonca Rrobabifly ara gren on the 18cwing pagss and are part of the cedilcate

AL Calbratons have been conducted in the cosec y faciity: env

tomperature (22 & 35°C and humidltly < 7P

Primary Stanclans

Calioration Equipment uaad (METE crivcal %or calbrasion)

1D #*

Pomer sacmor HP D481 A

| SN: MYa105G315

07-0c1-15 i Houss check Cct-22)
070115 {01 houss check Cct-22)

This calbeation cenificate shall not be reproduced axcapt in ful without writen approval of the laboratery.

o Cal Dana (Certrcate No.) Schaduled Caldeation
Powes mater NAPZ SN 104778 30Mar-23 (No. 217-03804:03805) Mar-24
Power sensor NRP-291 SN 103284 30-Mar-23 (No. 217-03804) Mar-24
Fowar sansor NRP-Z91 SN 103245 30-Mar-23 (No, 217.03805) Mar24
Relorenco 20 98 Amsruaar SN BHE904 (20<) 30-Mar-23 (No. 21 7-03808) Mar 24
Type-N msmatch combination SN: 310062 / 06527 30-Mar-23 (No. 27703810} Mar24
Relaranca Probe EXI0VA SN 7348 10.0an-23 (No EX3-734D Jan23) Jan-24
DAF4 SN: 601 19-00c-22 (No. DAES-601_Dec22) Dec-23
Secondary Standards D Check Date (n house) Scheduied Cheok
Power meler E44198 SN: GB39512475 30-0¢1-14 {1 houss chack Oct-22) In housa chock: O-24
Pomer sermor HP BaBTA SN: USaTzezTa3

In hewse check: Oct-24
In house check: Oct-24

AF ganarato: RAS SMT-06 ! SN: 100872 15.Jun-15 (in housa check Oct-22) In house check: 0124
Network Analyzer Agikent EBISAA | SN US41080477 31-Mar-14 {in house chack Oct-27) In howse checs: Oct-24
Narwe Function Signature
Calivrated by, Paulo Pina Laboratory Techmeian 2 T e
oy .
Appraved oy Swven Kihn Technical Manages -~y é’
R Ao

Issuad: May 12, 2t28

Centticate No: D7S0V3-1041_May23

Page 108
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Calibration Laboratory of S,

NN 7 S Schwelzerischer Kalibrierdienst
Schmid & Partner S G Service susse détalonnage
Engineering AG Bl Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland 7NNy S swiss Caiibration Service
e
Accradted ty 1o Swiss Accreditation Sendos (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service Is one of the signatories to the EA
Multilateral Agreement 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) IEC/IEEE 62209-1528, "Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radiwo 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 availabie 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 Returm Loss ensures low
reflected power. No uncertainty required.

e 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: D750V3-1041_Mayz3 Pags 2ol 8

Page 14 of 79




e o1 cetecom
Appendix no.: 1-7811-24-01-03_TR1-A201-R01 advanced

Measurement Conditions

DASY system configuration, as far as not given on page 1
DASY Version DASYS2 V52.104
Extrapolation Advanced Extrapolation
Phantom Madular Flat Phantom
Distance Dipole Center - TSL 15mm with Spacer
Zoom Scan Resolution o, dy, dz =5mm
Frequency 750 MHz = 1 Mz
Head TSL parameters
The following parameters and calculations were apphed.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 419 0 8% mha/m
Measured Head TSL parameters (220+02)"C 415+6% 0.91 mho/m 26 %
Head TSL temperature change during test <05°C - ee
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Condition
SAR measured 250 mW input power 217 Wkg
SAR for nominal Head TSL parameters nomalized to 1W B8.52 Wikg = 17.0 % (k=2)
SAR averaged over 10 cm?® (10 g) of Hoad TSL condition
SAR measured 250 mW input power 142 Wikg
SAR for nominal Head TSL parameters normalized to TW 5.60 W/kg = 16.5 % (k=2)
Body TSL parameters
The lollowing paramsters and calculations were applied.
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 -
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 normalized to TW B.60 Wikg = 17.0 % (ke2)
SAR averaged over 10 cm? (10 g) of Body TSL condition
SAR measured 250 mW input power 1.42 Wikg
SAR for nominal Body TSL parameters normalizad 10 1W 5.68 Wikg = 16.5 % (k=2)
Centiicate No: D750V3.104)_May23 Page3of 8
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedanca, transformed 1o feed point 5450-18j02
Retum Loss -26808
Antenna Parameters with Body TSL
Impedance, transformed 10 feed point 499Q-44 |0
Retumn Loss -270dB
General Antenna Parameters and Design
| Erectrical Detay (one direction) | 1.013ns

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

The dipole is made of standard seminigid coaxial cable, The center conductor of the feeding line is dractly connacted to the

second arm of the dipole. The antenna is therefore shon-circuited for DC-signals, On some of the dipoles, small end caps
are added 10 the dipole arms in order 10 improve malching when loaded according to 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 o the sokdered connections near the

feadpoint may be damaged.

Additional EUT Data

l Manulactured by

SPEAG

Certiticate No: D750V3-1041_May23

Pagedof 8
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DASYS5 Validation Report for Head TSL

Date: 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 M1z

Medium parameters used: f = 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)

DASY52 Configuration:
«  Probe: EX3DV4 - SN7349; ConvE(10.11. 10,11, 10.11) @ 750 MHz; Calibrated: 10.01.2022
o Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Elecctronics: DAE4 Sn601: Calibrated: 19.12.2022
« Phantom: Flat Phantom 4.9 (front); Type: QD 00L P49 AA; Senal: 1001
o DASYS52 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:
Mecasurement grid: dx=Smm, dy=5mm, dz=3mm

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

dB
0

-1.80
-3.60
-5.40
-7.20
-4.00

0dB = 2.89 W/kg = 4.61 dBW/kg

Certificate No: D750V3-1041_May23 Page 50of 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

54.5Q -1.6jQ

52.7Q -3.1jQ

Return Loss

-26.8dB

-27.9dB

Page 19 of 79
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DASYS5 Validation Report for Body TSL

Date: 09,05.2023

Test Laboratory: SPEAG, Zunich, Switzerland

DUT: Dipole 750 MHz: Type: D750V 3; 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; ConvE(10.23, 10.23, 10,23) @ 750 MHz; Calibrated: 10.01.2023
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 19.12,2022

Phantom: Flat Phantom 4.9 (Back): Type: QD 00R P49 AA: Serial: 1005

DASYS2 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:
Mecasurement grid; dx=5Smm, 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 Wikg

Smallest distance from peaks to all points 3 dB below = 17.1 mm

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

Maximum value of SAR (measured) = 2.87 Wkg

-1.80
-3.60
-5.40
-1.20
9.00

0dB = 2.87 Wikg = 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 “835 MHz System validation dipole”

Calibration Laboratory of
Schmid & Partner

Engineering AG
Zuughausstrasse &3, 8004 Zurich, Switzerland

Accredied by 1he Swiss Accredtabion Senvica {SAS]

The Swiss Accreditation Service |s one of the signatories to the EA
Multiisteral Agreement for the recognition of calibration certificates

Client  CTC advanced GmbH
Saarbricken, Germany

Certiicate No.

Schwelzenischer Kalibrierdienst
Service sulsse d'étalonnage
Servizio svizzero di taratura
Swiss Calibration Service

Accreditation No.. SCS 0108

D835V2-4d153_May23

[CALIBRATION CERTIFICATE

|

| Otfect

Cakbeation procecurels)

QA CAL-05.v12

DB35V2 - SN:4d153

Calibration Procedure for SAR Validation Sources between 0.7-3 GHz

Calioration cans May 11, 2023
Tris calt 1 Certficie o he v 10
Tha meas ) ¥

Caibrason Equipment used (MATE critical for calibeation)

Natwaork Analyzer Agilent ES358A4 | SN: LUS41080477

Nams
Calorated by. Paulo Pira
Appromed by Svan Kinn

Stanclards, which réalze the physical unils of measuremants (S1)
with confidence prebabilty are given on the following pages and are part of e certficale

All calibrations have boeen conducted in the closed Bhorsiony faciity. ervionment lemparatus (22 + 3)°C and humtly < 70%

Schedued Calbration

Mar-24
Mar-24
Mar-24
Mar-24
Mar-24
Jan24
Dec23

Frimary Standarda |me Gal Date (Canificte No )

Power meter NP2 SN 104778 30-Mar-23 (No. 217-03804/0G805)
Power secsor NAP-291 SN 103244 J0-Mar-23 (No. 217-03804)
Powsr sersor NAP-231 SN: 108245 30-Mar-23 (No. 217-03808)
Relerancs 20 dB Atenuator SN: BHIA0M (20K) 30-Mae-23 (No. 217-03808)
Type-N miamatch combination SN: 310682/ 05327  50-Mar-23 {No 217-03810)
Releronoa Probe EXI0V [ SN: 7042 105323 (No, EX3-7348_Jan2d)
DAES | SN 801 18-Doc 22 (No, DAE4-601 Dec22)
Secondary Standards DA Chack Date (n howse)

Pawer meter £44198 | SN: GB3gs12476 300114 {in housa chwck OG1-22)
Pawer sarsor HP BAB1A | SN US37202783 07-Oct-15 {in house check Oct-22)
Powee sarmor HP BAETA | SN MY43056315 07-0ct-15 {in housa chack Oct-22)
RF ganerstor RES SMTY-06 | SN: 100972

15-Jun-15 (in house check 0c1-22)
31-Mar-14 (in house chack Oct-224

Function

Ladoratory Techncian

Technical Managse

Tha calbraton certficaie shal not be rggf-_:.s:n:m wxcapl i fil without wrthen approval of e BOGaIGey

Scheduled Check

In house chec Oct-24
In house chece Cct-24
In house checx: Oct-24
In house chec: Ocl-24
In house check: Oct 24

L~ t—

Taswed May 12, 2020

Certificate No: D835V2-4d153_May23
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Calibration Laboratory of

Schwelzerischer Kalib
Schmid & Partner Service suisse d éalonnage
Engineering AG Servizio svizzoro di taratura
Zeughausstrasse 43, 8004 Zurich, Switzeriand Swiss Calibration Service
Avcrediled by the Swizs Acrediaion Senvice (SAS) Accregitation No.: SCS 0108

The Swiss Accreditation Service is one of the signatcries to the EA
Multilataral Agreoment 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) |IEC/IEEE 62209-1528, "Measurement Precedure 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 normalizad: 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%.

Cenificate No: DBISV2-43153 May23 Fage2ol8
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS2 V52,104
Extrapolation Advancad Extrapolation
Phantom Modutar Fiat Phantom
Distance Dipole Center - TSL 15 men wih Spacer
Zoom Scan Resoclution dx, dy dz « 5 mm
Frequency 835 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 415 0.80 mhom
Measured Head TSL parameters {220+02)°C 412:6% 0.94 mho'm 6 %
Head TSL temperature change during test <05'C - -
SAR result with Head TSL
SAR averaged over 1 cm® (1 g) of Head TSL Conation
SAR measured 250 mW Input power 2.43 Wikg
SAR for nominal Head TSL parameters nomalized 10 1W 9.63 W/kg £ 17.0 % (k=2)
SAR averaged over 10 em? {10 g) of Head TSL condition
SAR measured 250 mWV ingut power 161 Wikg
SAR for nominal Head TSL parameters normalized to W 6.27 Wikg £ 16,5 % (k=2)
Body TSL parameters
The following parameters and calodations were apphed
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 55.2 0.97 mha/m
Measured Body TSL parameters (220=02)°C 552+6% 099 mha/m +6 %
Body TSL temperature change during test <05°C e
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW inpul powes 2.46 Wiky

SAR for nominal Body TSL parameters

normmalized to 1W

9.69 Wikg + 17.0 % (k=2)

SAR averaged over 10 cm® (10 g) of Body TSL condition
SAR measured 250 mW input power 1.62 Wrkg
SAR lor nominal Body TSL parameters normalized to TW 6.40 Wikg = 16.5 % (k=2)

Certificate No: D833V2-4d153_May23

Page 3of8
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Appendix (Additional assessments outside the scope of SCS 0108)

Antenna Parameters with Head TSL

Impedance, transformed to feed point 510Q-35/0
Return Loss - 289 dB
Antenna Parameters with Body TSL
Impedance. transtormed to feed point 4650-7.2jQ
Retum Loss ~216dB
General Antenna Parameters and Design
| Esectrical Detay (one direction) | 1.438 ns |

After leng term use with 100W radiated power, onfy a shght warming of the dipole near the féedpoint can be measured

The dipole is made of standard semirigid coaxial cabla. The center conducior of the feeding line is diectly connected to the

sacond arm of the dipole. The anténna is theredore shont-Creuted for DC-signals. On some of the dipoles. small end caps
are added 10 the digole arms in order Lo improve malching whan loaded according to the positicn as explained in the
‘Measurement Conditions® paragraph. The SAR data are nct affected by this change The overall dipole length is stal

according to the Standard.

No excassive force must be applied Lo the dipole ams, because they might bend or the soldered connections near the

feadpoint may be damaged.

Additional EUT Data

| Manufactured by

SPEAG

Canéicate No: DB35V2-4d153_May23
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DASYS5 Validation Report for Head TSL

Date: 11.05.2023

Test Laboratory: SPEAG, Zurich, Switzerland

DUT: Dipole 835 MHz: Type: DB35V2; Serial: DB35SV2 - SN:4d 153

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

Medium parameters used: f = 835 MHz: 6 = 0.94 S/m: £ = 41.2; p = 1000 kg/m?
Phantom section: Flat Section

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

DASYS2 Configuration:

Probe: EX3DV4 - SN7349; ConvF(9.69, 9,69, 9.69) @ 835 MHz: Calibrated: 10.01.2023
Sensor-Surface: 1.4mm (Mechanical Surtace Detection)

Electronics: DAE4 Sn601; Calibrated: 19.12.2022

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

DASYS52 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:

Measurement gnd: dx=5Smm, dy=Smm, dz=5Smm

Reference Value = 63.18 V/im: Power Dnift = -0.04 dB

Peak SAR (extrapolated) = 3.77 Wikg

SAR(1 g) = 2.49 W/kg; SAR(10 g) = 1.61 W/kg

Smallest distance from peaks to all points 3 dB below = 16.3 mm
Ratio of SAR at M2 10 SAR at M1 = 65.7%

Maximum value of SAR (measured) = 3.31 Wikg

-2.00
-4.00
-6.00
-8.00
-10.00

0dB = 3.31 W/kg = 5.20 dBW/kg

Centficate No: DB35V2-4153_May23 Page 5¢f8
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Antenna Parameters with Head TSL

From cal. data

Measured 2024-06-21

Impedance; transformed to feed
point

51.0Q -3.5)Q

49.7Q -4.5|Q

Return Loss

-28.9dB

-26.8dB

Page 27 of 79
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Impedance Measurement Plot for Head TSL
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DASY5 Validation Report for Body TSL

Date: 09.05.2023

Test Laboratory: SPEAG. Zunich, Switzerland

DUT: Dipole 835 MHz; Type: D835V2; Serial: D835V2 - SN:4d153

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

Mediuvm parameters used: { = 835 MHz: o = 0.99 S/m; & = §5.2; p = 1000 kg/m*
Phantom section: Flat Section

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

DASYS2 Configuration:

Probe: EX3DV4 - SN7349; ConvF(9.85, 9.85, 9.85) @ 835 MHz; Calibrated: 10,01.2023
Sensor-Surface: 1.4mm (Mechanical Surface Detection)

Electronics: DAE4 Sn601; Calibrated: 19.12.2022

Phantom: Flat Phantom 4.9 (Back): Type: QD O0R P49 AA: Serial: 1005

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:
Mecasurement grid: dx=5Smm, dy=5mm, dz=5mm

Reference Value = 56.29 Vim: Power Drift = 0.00 dB

Peak SAR (extrapolated) = 3.57 W/kg

SAR(1 g) = 2.46 Wikg; SAR(10 g) = 1.62 W/kg

Smallest distance from peaks te all points 3 dB below = |6 mm

Ratio of SAR a1t M2 to SAR mt M1 = 69.1%

Maximum value of SAR (measured) = 3.19 Wikg

-1.80
-3.60
-5.40
-1.20
-9.00

0dB =3.19 Wikg = 5.04 dBW/kg

Ceortficate No: D835V2-44153_May23 Page 7ol B
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Impedance Measurement Plot for Body TSL
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Calibration report “1750 MHz System validation dipole”

Calibration Laboratory of

Schmid & Partner
Engineering AG

Zeughausstrasse 43, 8004 Zurich, Switzerland

Accredited by the Swss Accredilabion Service (SAS)

The Swiss Accreditabion Service is 0ne of 1he signatories 10 the EA
Muttilaters! Ag

for the

gni of calibration centificates

ischver Kalibei

Service suisse ¢'étalonnage
Servizio svizzero di taratura
Swiss Cakbration Service

Accreditation No.: SCS 0108

Certificate No. D1750V2-1093_May24

Calbeabion procaces(s)

Canbraion date:

D1750V2 - SN:1093

QA CALO12

Calibration Procedure for SAR Validation Sources betwsen 0.7-3 GHz

May 14, 2024

This calitrabon cerificate documents the Facestility 10 ralonal standands, which realze the physcal unis of messurernants (S1)
Tha messurements and ths uncerisoies with confdencs protabiity ars gven on $is kilowing pages and are part of the cenifcabs

Caibraton Eouipment used (MRTE writical for calbeation)

Primary Standards 7.2 2B Cal Date (Cerficate No)
Power meler NRP2 SN: 104778 26-Mar-24 (No. 217-04036/04027)
Power sersor NRP-261 SN: 103244 26-Mr-24 (No. 217-04038)
Pawer sersor NRP-Z51 SN: 100245 26-Mar-24 (No. 217-0403T)
Reference 20 dB8 Attenuatoe | SN: BHEGS4 (20K) 20-Mar-24 (No. 217-04046)
| Type-N mismaich combenation | SN: 310082 / 08327 26-Mar-24 (No. 217-04047)
| Rederence Probe EXIDV4E SN 7349 03-Nov-23 (No. EX3-T349_Nov23)
DAE4 SN 801 303624 (No. DAE4-601_JarZ4)
| Seconcary Standards |Io# Creck Date (in house)
Power meter E44168 SN CB3ISE12475 30.0c2-14 [in house chock Oc422)
| Power sensor MP 82814 | SN US37292783 07.0c2-16 (In house chack O-22)
Power sensor HP 84814 | SN: MY 41083318 07-0c15 (In house check Oct-22)
RF genrsioe RS SMT-06 L SN 100072 15-Jun-15 (in house chweck Oct-22)
Network Anglyzer Agiken E8358A | SM. USA1080477 31-0ar-14 (in house check Oct-22)
Name Function
Calitwratiad by Claudio Loubke Lsboratory Technicisn
| Approved try: - Swen Kihn - Technical Marager

Tbjas calioration c_smrsh.ali ot b reproduced mcept in fuk withcut watien approval of the aboratory

Al calyations Nave been conduched in the dosed laboratary fadity. envieonment temperature (22 £ 21°C and humidity < 70%

Scheculed Canbration
Mar-25
Mar-25
Mar-28
Mar-28
Mar-28
Now-24
Jan-25

_ Scheduled Check
In house check: Oct.24
In housa check: Oct-24
In housa check: Oct-24
In house check: Oct-24
In house check: Oct-24
!
® |

')

Q) (G:.;ﬂlh 3

S

Issued: May 15. 2024

Certificate No: D1750V2-1083_May24
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Calibration Laboratory of S  Schweizerscher Kalbrierdienst
Schmid & Partner c Service suisse d'étalonnage
Engineering AG Servizio svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland S $wiss Calibration Service
Acoreciled by the Swiss Accredastcn Senice (SAS! Accreditstion No.: SCS 0108

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

Muitilateral Agr for the gr 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 Reguirements 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.

« Return Loss: This parameter is measured with the source posttioned 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%.

Cartificate No: D1750v2-1093_May24 Paga 20l 6
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Measurement Conditions
DASY system configuration, as far as not on page 1.
DASY Version DASYS2 V52.10.4
Extrapolation Advanced Extrapolaton
Phantom Modular Fiat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy, dz =5 mm
Frequency 1750 MHz + 1 MHz
Head TSL parameters
Thae following parameters and calculations were applied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 401 1.37 mhalm
Measured Head TSL parameters (22010.2)°C 4N13+6% 1.34 mho'm £ 8 3%
Head TSL temperature change during test <05°C - —
SAR result with Head TSL
SAR averaged over 1 cm’ (1 g) of Head TSL Condizicn
SAR measured 250 mW input power 812 Whg
SAR for nominal Head TSL parameters normalized 1o 1W 37.2 Wikg £ 17.0 % (k»2)
SAR averaged over 10 cm’ {10 g) of Head TSL condition
SAR measured 250 mW input power 482 Wikg
SAR for nominal Head TSL parameters normakzed to 1W 19.5 Wikg £ 16.5 % (k=2)
Cartificate No: D1750V2-1093_May24 Page 3 of
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impedance, transformed 1o feed paint 4850-1402
Retumn Loss -336dB

General Antenna Parameters and Design

[ Etectrical Delay (one direction) | 1215 ns

After long lerm use with 100W radiated power, only a skght warming of the dipole near the feedpaint can be measured

The dipole is made of standard semirigid coaxial cable. The center conductor of the feeding line is direclly connected to the
second arm of the dipole. The antenna Is therefore short-crcued for DC-signats. On some of the dipoles, small end caps
are added to the dipoie amms in order to improve matching when kaded acoording to the position as explained in the
"Measurement Conditions” paragragh. 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 1o the dipole arms, because they might bend or the soldered connections near the
feedpoint may be damaged.

Additional EUT Data

[ Manutactured by | SPEAG |

Centificate No: D1750V2-1093_May24 Poged of 6
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DASYS5 Validation Report for Head TSL

Date: 14.05.2024
Test Laboratory: SPEAG, Zurich. Switzerland
DUT: Dipole 1750 MHz; Type: D1750V2; Serial: D1750V2 - SN:1093

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

Medium parameters used: £= 1750 MHz: ¢ = 1.34 S/m; &= 41.3; p = 1000 kg/m’
Phantom section: Flat Section

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

DASYS2 Configuration:
e« Probe: EX3DV4 - SN7349; ConvF(8.67. £.67, 8.67) G 1750 MHz: Calibrated: 03,11.2023
o Sensor-Surface: 1.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601; Calibrated: 30.01.2024
e Phantom: Flat Phantom 3,0 (front); Type: QDUOOPSOAA; 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=5mm, dy=5mm, dz~5Smm

Reference Value ~ 108.1 Vim; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 17.1 Wikg

SAR(1 g) = 9.12 Wikg: SAR(10 g) = 4.82 Wrkg

Smallest distance from peaks to all points 3 dB below = [0 mm

Ratio of SAR at M2 to SAR at M| = 54%

Maximum value of SAR (measured) = 14.2 Wikg

-3.36
6.72
-10.07

-13.43

-16.79

0.dB = 14.2 Wikg = 11.53 dBW/kg

Cartificate No: D1750V2-1093_May24 Page Sof &
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Impedance Measurement Plot for Head TSL
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Calibration report “1900 MHz System validation dipole”

Calibration Laboratory of L, §  Schweasrischer Kaibrierdienst
Schmid & Partner S G Service suisse Tiaionnage
Engineering AG % Servizio svizzero di taratura
Zaughausstrasse 43, 8004 Zurich, Switzerland I S Swiss Calibration Servica
Accreditnd by the Swiss Acoreditation 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 certificstes

Cortticate No. D1900V2-5d009_May23 |

Catbration procsdurels)

Caibraton cate: May 12,2023

Ths caibraton certficale documents the Iraceatiity 10 nabional stardards. which reakze the physical units of measuremsnts (S1)
The measurements and e uncertainies with confidence probabifty are given on the followng pages and are pert of the cenficsle.

AN Calbrations hawi been concucted in the closed laboratory tacilty: environment temperatucs (22 + 3)°C and Purmidity = 70%.

| Caleation Equigment used (MATE critics for caitbrason)

| Primary Stancards e Cal Date (Corsficata No.) = Scheduled Calbraton |
Power mater NRP2 SN 104778 30-Mar-23 (No. 217-03804/03805) Mar-24
Power sensor NRP-241 SN: 103244 30-Mar-23 (No. 217-03804) Mar-24
Power sensor NRP-Z201 SN: 100245 30-Mar-23 (Ne. 217-03805) Mar-24
Reference 20 o8 Atersstior SN BHO394 (20x) 30-Mar-23 (No. 217-03808) Mar-24
Type N msmatch combinoticn SN. 310862 / 06327 30-Mar-23 (No. 217-03810) Mar-24
Reference Prabe EX30V4 SN 7345 10-Jan-23 (No. EX3-7349_Jon23) Jan-24
DAES SN 60 19:Dec22 (No DAE4-601 DecZ2) Doc-23
| Secondary Standards |iIo# — Check Date (in house) Scheduled Chack
Power meter L421G8 SN: GB39512478 I0-0ct-14 {in housa check Oct-22) In house check. Oct-24
Pawer sensor HP 84814 SN: US37292783 D7-0ct-15 (in house chack Oct-22) In house check. Oct-24
| Pawer sersor HP 84814 ‘ SN: MY41093315 07-Oct-15 {in house check Oct-22) In house check Oct-24
RF generator RES SMT-G6 | SN 100972 15-Jur15 {in house check 0c1-22) In house chedk: Oct-24
Network Analyzer Agivet ES358A | SN US41080477 I1-Mar 14 (0 nousa check Oct-22) In house chedk: Oct-24
‘ Smﬂlhn—ﬁ’)
Calbraned by: ) = ) i
[ e A =
Apploved by . C AA

Issued May 152023
This caibration cerificae shall nat be regroduced axoegt in full without wiilter sppeoval of the laboratory.

Certificate No. D1900V2-54009 May23 Page 10/ 8
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Calibration Laboratory of ‘_\.NQQ'_');:-.,,( S  Schweizerisches Kakbr
Schmid & Partner %’& G Service susse ditaionnage
Engineering AG g Servizic svizzero & taratura
Zeughausstrasse 43, 8004 Zurich, Switzerfand 2 ‘ﬁ_\@e S Swiss Calibration Service
Accreditee by the Swiss Accredraton Service (SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilaterat Agreemont for the recognition of calibration certificatos

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 Condilions: 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 Pagez2ol8
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Measurement Conditions
DASY system configuration. as far as not given on page 1.
DASY Version DASYS2 V52.10.4
Extrapolation Advanced Exiragolation
Phantom Modular Fliat 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 ters 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 result 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 1o 1W 39.1 Wikg £ 17.0 % (k=2)
SAR averaged over 10 cm’ (10 g) of Head TSL condition
SAR measwed 250 mW input power 518 Wikg
SAR for nominal Head TSL paramelters normalized to 1W 20.6 Wikg £ 16.5 % (k=2)
Body TSL parameters
The following parameters and calculations were applied,
Temperature Permittivity Conductivity
Nominal Body TSL parameters 220°C 533 1,52 mhaim
Measured Body TSL paramaters (22.0402)'C 52046% 1.52 mhaim £ 6 %
Body TSL tempaerature change during test <05°C - -
SAR result with Body TSL
SAR averaged over 1 cm’ (1 g) of Body TSL Condition
SAR measured 250 mW input power 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 pawer 5.29 Wikg
SAR for nominal Body TSL parameters noemalized 1o 1W 21,1 Wikg £ 16.5 % (k=2)
Certificate No: 01900V2-50009 _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+34 0
Return Loss ~28508
Antenna Parameters with Body TSL
Impedance. ransformed o feed point 4700+386i0Q
Return Loss -264 0B
General Antenna Parameters and Design
[ Elactrical Delay {one direction) ] 1.187 ns ‘1

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 antenna is therefore short-circuited for DC-signals. On soma of the dipoles. small end caps
are added to the dipole arms in order to improve matching when loaded according 1o the position as explained in the
*Maasurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still

according to the Standard

No excessive force must be appled 1o the dipole arms, because they might bend or the soldered connechions near the

feadpoint may be damaged.

Additional EUT Data

| Manufactured by

SPEAG

Centificate No: D1900V2-5d008_Nay23
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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 MHz: o = 1.4 S/m: & = 38.7; p = 1000 kg/m’
Phantom section: Flat Section
Measurement Standard: DASYS (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
« Secnsor-Surface: |.4mm (Mechanical Surface Detection)
« Electronics: DAE4 Sn601: Calibrated: 19.12.2022
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 P30 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=5Smm, 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 at M2 to SAR at M1 = 55.5%

Maximum value of SAR (measured) = 15.2 Wkg

dB8

-3.00
-6.00
-9.00
-12.00
-15.00

0dB =152 Wikg = 11.82 dBW/kg

Certificate No: O1500V2-50009 May23 PagaSold
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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
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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/m; 5~ 52; p = 1000 kg/m®
Phantom section: Flat Section

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

DASYS52 Configuranion:

Probe: EX3DV4 - SN7349; Convi(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: Serial: 1002

DASYS52 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=Smm, dz=5mm

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

Peak SAR (extrapolated) = 18,7 Wkg

SAR(1 g) = 10.1 Wikg: SAR(10 g) =5.29 Wikg

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

dB

-3.00
-6.00
-9.00
-12.00
-15.00

0dB =152 Wkg = 11.82 dBW/kg

Cartificate No: D1900VZ-50009_May23 Paga7old@
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Impedance Measurement Plot for Body TSL
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Calibration report “2600 MHz System validation dipole”

Calibration Laboratory of “t"/’ s her Kalibrierd

Schmid & Partner % ¢ Service sulsse détalonnage
Engineering AG B 2 Servizio svizzero di taratura

Zoughsusstrasse 43, 8004 Zurich, Switzerland 'v,”.i :I\::“" 3 e “." S Swiss Calibrstion Service

Accredited by ihe Swiss Accreditaton Senvice (SAS)
The Swiss Accreditstion Service Is one of the signatories to the EA
Multasteral Agreement for the recognition of calibration certificates

Accraditation No : SCS 0108

Calbration date:

Certticate No. - D2600V2-1040_May23

| This caleation certificate documents the Yaceabiity to nasonal tandants, which realize the ahysical unis of moasurements (51)

The messsuremants and the unceranics with confidence prooadlity are ghvn on te folowing pages and are pant of the certificate
Al hors have been conducted in the dosed Labomtory latilty: enironment tampersdure (22 3 35°C and humidey < 0%,
Calbration Equipment used (MATE critical for calrabion)
Primary Standards |02 Cal Date (Corficane No.) Scheduec Caibraton 1
Fower meter NRP2 SN 104778 30-Mar- 23 (No. 217-03804/03805) Mar-24
Fowar sensor NRP-Z91 SN: 103244 30-Mar-23 (No. 21703804) Mar-24
Power 5ansar NRP-291 SN 103245 30-Mar-23 (No, 217.03805) Mar-24
Rederence 20 o3 Alberrsstor SN 840304 (20x) -Mar-23 (No. 21703809) Mar-24
Type-N msmalch combiraton SN 310082 / 06327 30-Mar-23 (No. 21703810) Mar-24
Refererce Prone EX3DV4 SN T340 10-Jan-23 (No. EX3-7389_Jan23) Jon-24
DAE4 SN 801 19-Dec-22 (No. DAE4-801 Dec22) Oec22
Secondary Stardirds 0¥ Check Dtie {in house) Schecuded Crsck
Power meter E44196 SN GB3§512475 30-Oct- 14 (in house thack 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 sersoe HP 84814 SN MY41093315 O7-Oct-15 {in house theck Oct-22) In house chack: Oct-24
RF generaior RSS SMT.06 SN: 100872 18-Jun 15 (in houss check Ot 22) In house check, Ocl-24
Network Analyzer Agilent ES358A | SN: US41080477 31-Mar-14 {in house chack Oct-22) In house checx. Oct-24
Name Funcion Sgratwe
v X .4', e b ._7_. ._._>
| o O B Pt el 7 . > P TP

Issued: May 18, 2023
This calbeation certificate shall rot be reproduced oxcept in full without weitken aporoval of the labaratory

Certificate No: D2600V2-1040_May23
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Calibration Laboratory of A,

3 7, Schweizersscher Kabrierdienst

Schmid & Partner % (S: Service suisse d'étalonnage

Engineering AG Tt Servizio svizzer di taraturs
Zoughsusstrasse 43, 8004 Zurich, Switzertand AT S swiss Calibeation Service
Accrediied by the Swiss Accredtasion Sernce (SAS) Accreditation No.: SCS 0108
The Swiss Accreditation Service is one of the signatories to the EA
Multitaterst Age for the recognition of calibration certificates
Glossary:
TSL tissue simulating liquid
ConvF sensitivity in TSL / NORM x,y.z
NIA not applicable or not measured

Calibration is Performed According to the Following Standards:

a) |EC/IEEE 62208-1528, "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 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: D2800V2-1040_May23 Page20f 8
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Measurement Conditions
DASY system configuration, as far as not on page 1
DASY Version DASYS2 V52104
Extrapolation Advanced Extrapolation
Phantom Modular Fiat Phantom
Distance Dipole Center - TSL 10 men with Spacer
Zoom Scan Resolution dx, dy.dz =5mm
Frequency 2600 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were oplied
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C 39.0 1.96 mho'm
Measured Head TSL parameters (220202)°C 372:26% 2.02 mhaim £ 6 %
Head TSL temperature change during test <05°C - e
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 mW input power .45 Wikg
SAR for nominal Head TSL parameters normalized to 1W 254 Wikg £ 18.5 % (k=2)
Body TSL parameters
The following parameters and caiculations were applied.
Temperature Poarmittivity Conductivity
Nominal Body TSL parameters 220°C 825 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 -2514d8

Antenna Parameters with Body TSL

Impedance, transformed 1o feed point 4570 -33j0
Retun Loss -250dB

General Antenna Parameters and Design

| Etectrical Dolay (one drection) | 1154 ns B

After long term use with 1000V radiated power, only 3 slight warming of the dipole near 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 am of the dipole. The antenna is tharefore short-circuited for DC-signals. On some of the dipoles, small end caps
are adoed 1o the dipole ams in order to improve matching when loaded according to the position as explained in the
Measurement Conaitions® paragraph, The SAR data are not affected by this change. The averall dipole length is sbil
according 1o the Standard.

Ne excessive force must be applied lo the dipole arms, because they might bend or the soidered connections near the
feedpoint may be damaged.

Additional EUT Data

| Manufactured by | SPEAG |

Centificate No: DZ600V2-1040_May23 Paga 4 of 8

Page 49 of 79




Appendix no.: 1-7811-24-01-03_TR1-A201-R01 Cegg\%g)cgg

DASYS 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)

DASYS52 Configuration:
»  Probe: EX3DV4 - SN7349; ConvF(7.68, 7.68, 7.68) (@ 2600 MHz: Calibrated: 10.01.2023
»  Sensor-Surface: 1, 4mm (Mechanical Surface Detection)
»  Electronics: DAE4 $n601; 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 Scan {7x7x7)/Cube 0:
Measurement gnd: dx-Smm, dy=5mm, dz=Smm

Reference Value = 118.3 V/m: 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 =23.7 Wikg = 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 -5.6jQ

50.8Q -5.2jQ

Return Loss

-25.1dB

-25.6dB
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DASYS 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: f= 2600 MHz; 6= 2.2 S/m: & = 52.2; p = 1000 kg'm’
Phantom section: Flat Section

Meusurement Standard: DASYS (IEEE/NEC/ANSI C63.19-2011)

DASYS52 Configuration:
* Probe: EX3DV4 - SN7349; ConvF(7.83, 7.83., 7.83) (@ 2600 MHz; Calibrated: 10.01.2023
» Sensor-Surface: 1.4mm (Mechanical Surface Detection)
» Electronies: 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

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 “3500 MHz System validation dipole”

Calibration Laboratory of S8, g s cher Kalibrierdi
Schmid & Partner e G Service suisse détalonnage
Engineering AG s Servizio svizzero di taratura
Zoughausstrasse 83, B0C4 Zurich, Switzeriand G S Swiss Calibration Service
Accrecited by the Swss Accradiation Service (SAS) Accreditstion No.: SCS 0108

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

ciet  CTC advanced GmbH Certificate No: D3500V2-1003_Aug22
[CALIBRATION CERTIFICATE |

Onject D3500V2 - SN:1003

Caribration peocedureds) QA CAL-22.v6
Calibration Procedure for SAR Validation Sources between 3-10 GHz

Calioration date: August 19, 2022
This cabbraton cerlficale & IS the bidty 1o , which realize the physical units of measurements (Sl).
The nants and the ) wath cond P y are gven oo the following pages and are part of the certficirie.

All Calinrabons have Deen conducied » e dosed Baborstonry Laciity. ervironment temperature (22 + 31°C and humidty « 70%

Calbeation Equipment used {MATE criticad for calibrabion)

Primary Stancards [iDa Cal Date (Canticate No.) Schaduied Calbration
Pawer matar NRP | SN: 104778 04-Ape-22 (No. 217-0352503524) Apr-23
Power sonsce NRP.2Z9 SN: 105244 D4-Age-22 {No. 217-03524) Apr-23
Power sersor NRP-Z91 | SN: 103245 04-Ape-22 {No. 217-03525) Apr-23
Fledarance 20 dB Attenuator SN: BrsGas (20k) D-An-22 {No. 217-03527) Apr23
Typa-N misenatch comination SN 310062 1 06327 O4-Apr-22 |No. 217-03828) Apr23
Refainnce Probe EX30V4e SN 3503 0F-Mur-22 (N0, EX3-2503_Mar22) Mar-23
| DAES S 601 C@-May-22 (No, DAE4-601_May22) May-23
| Seconcary Standarns I w0 Chack Date (in housa) Schecuded Crweck
| Power meser E4a198 ’ SN: GB39512475 30-Oct-14 (i house check Oc-20) 0 house check: Oct22
Power sensor HP 34814 | BN US37292783 07-0c1-15 (0 house check Oc1-20) in house check: Dct-22
| Pawer secsor HP 84814 [ SN: MYS1093315 0700415 (i honsse check Oct-20) in house check: Oct-22
| RF generattr R&S SMT-06 SN: 100872 15-Jun-15 {In house chack Oct<20) In houso chack: Oct 22
Nelwork Analyzer Agient EB358A | SN: USascediT? 31 08ar-14 (in house check Oc1-20) In house check: Om-22
Namo Function
Calrated by: Jettgy Katzman Lsbocatory Techncian
Approved b Sven Kin Technizal Managse 9 ;
Issoad August 22, 2022
This cakteation canificale shal net be reproduced except in il without writteer aporoval of the aboealory.

Cenficats No: DIS00V2-1008_Aig22 Page 1ot 6
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Calibration Laboratory of {‘c“'@'y.; Sch oher Kalibrierd
Schmid & Partner ————id Service suisse ¢ éalonnage
Engineering AG T Servizie svizzero di taratura
Zeughausstrasse 43, 8004 Zurich, Switzerland % //‘(\'\\ X3 Swisa Calibration Service
A,
Accreciied by the Saiss Accradiaton Senice 1SAS) Accreditation No.: SCS 0108

The Swiss Accreditation Service is one of tha signatories to the EA
Multilateral Agroemant for the recognition of calibration cortificates

Glossary:

TSL tissue simulating liquid

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

Calibration is Performed According to the Following Standards:
a) |IECNEEE 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:
¢) 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 fraquency 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%.

Certificate No: D3500V2-1003_Auge2 Page 20f 6
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Measurement Conditions
DASY system configuration, as far as not given on page 1
DASY Version DASYS2 V52.10.4
Extrapolation Advanced Extrapoiation
Phantom Modutar Flat Phantom
Distance Dipole Center - TSL 10 mm with Spacer
Zoom Scan Resolution dx, dy »~ 4 mm, dz » 1.4 nen Graded Ratio « 1.4 (Z dwection)
Frequency 3500 MHz = 1 MHz
Head TSL parameters
The following parameters and calculations were applied.
Temperature Permittivity Conductivity
Nominal Head TSL parameters 220°C are 2.91 mho'm
Measured Head TSL parameters (220202)°C 374+6% 2.96 mha/m = 6 %
Head TSL temperature change during test <05C e -
SAR result with Head TSL
SAR averaged over 1 cm? {1 g) of Head TSL Cendtion
SAR measured 100 mW input power 6.69 Wikg
SAR for nominal Head TSL paramelers mormalized 10 1W 66.4 Wikg + 19.9 % (k=2)
SAR averaged over 10 e (10 g) of Head TSL condition
SAR measured 100 mW input power 2.51 Wkg
SAR for nominal Mead TSL parameters nomatized to 1W 25,0 Wikg = 19.5 % (k=2)
Cenficate No: D3500V2-1000_Aug22 Page 3¢l 6
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL

Impadance, transformed 10 fead point 5300-43i0
Retum Loss -258dB

General Antenna Parameters and Design

| Etectrical Detay (one direction) [ 1139 ns |

Alter long term use with 100W radiated power, only & slight wanmming of the dipole near the leedgoint can be measured.

Tha dipole is made of standard semingid coaxial cable. The center conductor of the feeding lne & directly connected o tha
second arm of the dpole. The antenna is therafora shon-circuited for DC-signals. On somea of the dipolas, small end caps
are added to the dipole arms in order 1o improve matching when loaged according 1o the position as explained in the
*Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard

No excessive force must be appied 1o the dpole arms, becausa they might bend or the soldered connections near the
leedpoint may be damaged

Additional EUT Data

| Manutactured by | SPEAG

Certiticate No: D3500V2-1003_Aug22 Page 40l 6
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DASYS5 Validation Report for Head TSL

Date: 19.08.2022
Test Laboratory: SPEAG, Zurich, Switzeriand
DUT: Dipole 3500 MHz; Type: D3500V2; Serial: D3500V2 - SN:1003

Communication System: UID 0 - CW; Frequency: 3500 MHz

Medium parameters used: f = 3500 MHz; o = 2.96 S/m: & = 37.4; p = 1000 kg/m’
Phantom section: Flal Section

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

DASY32 Configuration;
o  Probe: EX3DV4 - SN3503; ConvF(7.91, 791, 7.91) @ 3500 MHz; Calibrated: 08.03.2022
= Sensor-Surface; [.4mm (Mechanical Surtace Detection
+ Electronics: DAE4 Sn601:; Calibrated: 02.05.2022
« Phantom: Flat Phantom 5.0 (front}); Type: QD 000 P50 AA; Seral: 1001

o DASYS2 52.10.4(1535); SEMCAD X 14.6.147501)

Dipole Calibration for Head Tissue/Pin=100 mW, d=10mm, f=3500MHz/Zoom Scan,
dist=1.4mm (8x8x8)/Cube 0: Measurement grid: dx=1mm, dy=4mm, dz=1.4mm

Reference Value = 68,30 Vim: Power Drift = 0.05 dB

Peak SAR (extrapolated) = 18.2 W/kg

SAR(T g) = 6.69 W/kg: SAR(10 g) = 2.51 W/kg

Smallest distance from peaks to all points 3 dB below = 8 mm

Ratio of SAR at M2 10 SAR at M1 = 74.4%

Maximum value of SAR (measured) = 12.9 Wikg

-5.00

-10.00
-15.00
-20.00

25.00

0dB =129 Wikg=11.11dBW/kg

Certficate No: D3500V2-1003_Aug22 Page 5aof &
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Impedance Measurement Plot for Head TSL
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Antenna Parameters with Head TSL

From cal. data

Measured 2024-07-04

Impedance; transformed to feed
point

53.0Q -4.3jQ

55.7Q -3.2jQ

Return Loss

-25.8dB

-24.2dB
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Calibration report “3700 MHz System validation dipole”

Calibration Laboratory of

< ‘3'(\\_/ % S Ischer Kalibe
Schmid & Partner % ¢ Service suisse d'étalonnage
Engineering AG T Servizio wwizzero di tarstura
Zeughausstrasse 43, 5004 Zurich, Switzecand N S swiss Cairation Service

Ancredned by 1o Swiss Accredtabon Sornce (SAS]
The Swiss Accreditation Service is one of the signatories to the EA
Multiateral Agreement for the recognition of calibration certificates

Accreditation No.. SCS 0108

cliet  CTC advanced GmbH Cenificate No: D3700V2-1062_Aug22
|CALIBRATION CERTIFICATE
I Cbject D3700V2 - SN:1062

Calbention procediee|(s)

QA CAL-22.v6
Calibration Procedure for SAR Validation Sources between 3-10 GHz

Caibraton dane: August 18, 2022

Primary Standards

This catibration certificate documents the b7

All calbrations have been conducted in the clsed b

y 10 reonal

y tacizy:

Calbraton Equpment used (MATE critical for calbeation)

which) realze the physcal unks of messsuraments (S1)
The maasurements and the uncerlartes with confidence peobabiity ace given on 1he IChowing [epes snd are pant of the certificans

L tompanaturg 122 = 3)°C anc humicity < 70%

De Cal Date (Cerificate No.) Schedued Calibranion
Porsss enétar NRP SN 104778 04-Ape-22 (No. 217-0352503524) Agr-23
Power sersor NRP-Z91 SN 103244 04-Ape-22 (No. 21703524) Apr23
Pawar serscr NRP-Z251 SN: 103248 04-Ape-22 (No, 217-03525) Apr23
Heferonce 20 ofl Attenuator SN: BHES (20k) O-Ape-22 (Ko, 217-035827) Apr23
Type-N mismaich combination SN: 310562 / 06327 D-ARe-22 (No. 217-03528) Apr-23
Fetecance Probs EXS0V4 SN 3505 06-Mar-22 (No. EX3-35023 Mar22) Mar-23
DAE4 Sheem 02-May-22 (No, DAEA-601_May22) May-23
Secondary Standards De Chock Date {in house) Scheduted Check
Powar meter E44158 SN: GRS 12475 30-0c%-14 (0 howae check Oct-20) I house chack: Oct-22
Fawar sensor HP 84814 SN US37282783 07-004-15 (n howse chack 0-20)

Power sorsor HP 84814
RF generator RAS SMT-06
Network Anadyzer Agilent ES358A

Calinraned by:

Appeoved ty:

|_This calibration camificate shall not be repeoduced excopt in full without witien approvil of the Laboratory

| SN: MYa109E315

SN: 10072
SN: USds0ensr?

Neme
Jatirey Katzman

Sven Kohn

0700115 {n hose check Oct-20)
15-Jun-15 [in house chack Oct-20)
31-Marr 14 {In house check Oct-20)

Function

Laboratory Technician

Technical Manager

In house chack: 0-22
In house chack; 03-22
In house chack; Oct22
In heuse chack: Oct22

S~

Issued: August 22, 2027

Carificate No: D3700V2-1062_Aug22
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Calibration Laboratory of S, S  Sehweiserinches Kator
Schmid & Partner P c Service suisse d'dtalonnage
Engineering AG = Servizio swizzero i tarotura
Zoughausstrasse 3, 8004 Zurich, Switzerland "’w,,’,"'.‘?.\«*" S gwiss Calibration Service
Accrediiad by the Swiss Accradeascon Seovico |SAS) Accreditstion No: SCS 0108

The Swiss Accreditation Service is one of the signatories to the EA
Multilateral Agroement 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) |IEC/IEEE 62209-1528, "Measurement Procedure For The Assessment Of Specific
Absorption Rate Of Human Exposure To Radio Freguency 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:
¢) 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.

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

Centificate No: D3700V2-1082_Aug22 Page2of &
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Measurement Conditions
DASY systern configuration, as far as not gven on page 1
DASY Version DASY52 V52.104
Extrapolation Advanced Extrapoiation
Phantom Modutar Flat Phantom V5.0
Distance Dipole Center - TSL 10mm with Spacer
Zoom Scan Resolution dx, dy =4.0mm, dz = t.4mm Graded Ratio = 1.4 {Z direction)
Frequency 3700 MHz = 1 MH2

Head TSL parameters at 3700 MHz
The following parameters and calculations were appbed.

Temperature Permittivity Conductivity
Nominal Head TSL parametars 220°C 37.7 3.12 mho/m
Measured Head TSL parameters (220:02)°C 37.126% 312 mho/m + 6%
Head TSL temperature change during test <05°C - e
SAR result with Head TSL at 3700 MHz
SAR averaged over 1 cm’ (1 g) of Head TSL Condiion
SAR measured 100 MW input power £.85 Wikg
SAR for naminal Head TSL parameters normalized to W 68.3 Wikg = 19.9 % (ke2)
SAR averaged over 10 cm? (10 g) of Head TSL condition
SAR measured 100 mW input power 2.49 Wikg
SAR for nominal Head TSL parameters normadzed to 1W 24.8 Wikg = 19.5 % (k=2)
Certificate No: DI700V2-1062_Aug2 Page 30f &
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Appendix (Additional assessments outside the scope of SCS 0108)
Antenna Parameters with Head TSL at 3700 MHz

Impedance, transformed to feed point 4800-230
Return Loss -29.1 dB

General Antenna Parameters and Design

| Erectrical Delay {ore drection) [ 1130 ns |

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

The diccle is made of standard semingid coaxial cable, The center conductor of the feeding line is directly connected to the
second arm of the dpole. The antenna is therefore short-circuited for DC-signals. On some of the dipoles, smal end caps
are added to the dipole arms in order 10 improve matching when loaded accordng to the postion as explained in the
“Measurement Conditions” paragraph. The SAR data are not affected by this change. The overall dipole length is still
according to the Standard

No excessive force must be apphed 1o the dipole arms, because thay might band or the soldered connactions naar ths
feadpont may be damaged.

Additional EUT Data

| Manutactured by | SPEAG

Certificate Now D3700V2-1062_Aug22 Paga 4ol 8
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DASYS5 Validation Report for Head TSL

Date: 19.08.2022

Test Laboratory: SPEAG, Zurich, Switzerland
DUT: Dipole 3700 MHz; Type: D3700V2; Serial: D3700V2 - SN:1062

Communication System: UID 0 - CW; Frequency: 3700 MHz

Medium parameters used: f = 3700 MHz; 6 = 3.12 $/m; & = 37.1; p = 1000 kg/m*
Phantom section: Flat Section

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

DASYS52 Configuration:
« Probe: EX3DV4 - SN3503; ConvF(7.73, 7.73, 7.73) @ 3700 MHz: Calibrated: 08.03.2022
s Sensor-Surface: 1. 4mm (Mechanical Surface Detection)
o Electronies: DAE4 Sn601:; Calibrated: 02.05.2022
« Phantom: Flat Phantom 5.0 (front); Type: QD 000 P30 AA; Senal: 1001
« DASYS2 52.10.4(1535); SEMCAD X 14.6.14(7501)

Dipole Calibration for Head Tissue/Pin=100 mW, d=10mm, f=3700MHz/Zoom Scan,
dist=1.4mm (8x8x8)/Cube 0: Measurement grid: dx=4mm, dy=4mm, dz=1.4mm

Reference Value = 70.21 Vim; Power Drift = 0.03 dB

Peak SAR (extrapolated) = 19.6 Wikg

SAR(1 g) = 6.85 Wikg: SAR(10 g) = 2.49 W/ikg

Smallest distance from peaks 1o all points 3 dB below = 8.4 mm

Ratio of SAR at M2 1o SAR at M1 =72.8%

Maximum value of SAR (measured) = 13.6 Wikg

a8

5.00

-10.00
-15.00
-20.00

-25.00

0dB = 13.6 Wikg = 11.32 dBW/kg

Cantificate No. D3700V2-1062_Aug22 PageSofl 6
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Appendix no.: 1-7811-24-01-03_TR1-A201-R01 @ cetecom

Impedance Measurement Plot for Head TSL
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Antenna Parameters with Head TSL

From cal. data

Measured 2024-07-04

Impedance; transformed to feed
point

48.0Q -2.8jQ

47.3Q -2.6jQ

Return Loss

-29.1dB

-28.3dB
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10 Calibration certificate of Data Acquisition Unit (DAE) — SN: 477

Calibration Laboratory of __\.-\‘g);v-,,_ p— X

Schmid & Partner M G Service suisse diétaionnage
Engineen‘ng AG N Servizio svizrero o taratura

Zeughausstrasse 43, 8004 Zurich, Switzerland o S Swiss Calibration Service

Accrediled by the Swiss Accreditation Sanvce (SAS)
The Swiss Accreditstion Service is one of the signatories to the EA
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11 Certificate of “SAM Twin Phantom V4.0, V5.0, V8.0”

Schmid & Partner Engineering AG s p e a q

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

Certificate of Conformity / First Article Inspection

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

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.

ok

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

[38] 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.

S p e a a
Date 25.07.2011 Schmid & ner Enigineering AG
Zeugﬁ‘cﬁiﬁ"s;d& sogy%?i%rlan
Phan) 01 4 L 77¢
Slgnaturel Stamp / ¢ W 32([ <neag.com
Doc No 881-QD 000 P40 C—-H Page 1(1)
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Schmid & Partner Engineering AG

S p e

a_ g

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

Certificate of Conformity / First Article Inspection

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

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

Test Requirement Details Units tested

Dimensions Compliant with the geometry IT'IS CAD File * First article,
according to the CAD model. Samples

Material thickness | 2mm +/- 0.2mm in flat section, in flat section, First article,

of shell other locations: +/- 0.2mm with in the cheek area Samples,
respect to CAD file TP-1314 ff.

Material thickness | 6mm +/- 0.2mm at ERP First article, All

at ERP items

Material rel. permittivity 2 — 5, rel. permittivity 3.5 +/- 0.5 | Material

arameters loss tangent < 0.05, at f s 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.

**

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

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

[3] IEC 622091 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] 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)", March 2010

Conformity

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

Date

10.06.2015

Signature / Stam% %’

s p e a g :
Schmid & Partner Enginee’ing AG
Zeughausstrasse 43, 8004 Zurich, Switzerland
Phone +41 44 245 9700, Fax +41 44 245 9779
info@speag.com, http://www.soeag.com

DocNo 881-QDO000P41A-A

Page 1(1)
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12 Certificate of “ELI Phantom V8.0”

Schmid & Partner Engineering AG

lo
IS
®
)
Q

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

Certificate of Conformity / First Article Inspection

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

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

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

'

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] KDB 865664, “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
Techniques, June 2013

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

[4] |EC 62209-2 ed1.0, “Human exposure to radio frequency fields from hand-held and body-mounted
wireless communication devices - Human models, instrumentation, and procedures - Part 2:
Procedure to determine the specific absorption rate (SAR) for wireless communication devices used
in close proximity to the human body (frequency range of 30 MHz to 6 GHz)", March 2010

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

and further standards.
S p e a g
Date 10.06.2016 : s
id & Partner Engineering AG
) / ‘Gughausstrasse 43, 8004 Zurich, Switzerland
Signature / Stamp one +41 44 245 9700, Fax +41 44 245 9779
info@speag.com, htp:/Awww.speag.com
DocNo 881-QDOVAOO4A-A Page 1(1)
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13 Application Note System Performance Check

13.1 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.

13.2 System Performance check procedure

Preparation

The conductivity should be measured before the validation and the measured liquid parameters must be
entered in the software. If the measured values differ from targeted values in the dipole document, the liquid
composition should be adjusted. If the validation is performed with slightly different (measured) liquid
parameters, the expected SAR will also be different. See the application note about SAR sensitivities for an
estimate of possible SAR deviations. Note that the liquid parameters are temperature dependent with
approximately — 0.5% decrease in permittivity and + 1% increase in conductivity for a temperature decrease
of 1° C. The dipole must be placed beneath the flat phantom section of the Generic Twin Phantom with the
correct distance holder in place. The distance holder should touch the phantom surface with a light pressure
at the reference marking (little hole) and be oriented parallel to the long side of the phantom. Accurate
positioning is not necessary, since the system will search for the peak SAR location, except that the dipole
arms should be parallel to the surface. The device holder for mobile phones can be left in place but should
be rotated away from the dipole. The forward power into the dipole at the dipole SMA connector should be
determined as accurately as possible. The actual dipole input power level can be between 20mW and
several watts. The result can later be normalized to any power level. It is strongly recommended to note the
actually used power level in the ,comment*-window of the measurement file; otherwise you loose this crucial
information for later reference.
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System Performance Check

The DASY installation includes predefined files with recommended procedures for measurements and
validation. They are read-only document files and destined as fully defined but unmeasured masks, so you
must save the finished validation under a different name. The validation document requires the Generic Twin
Phantom, so this phantom must be properly installed in your system. (You can create your own
measurement procedures by opening a new document or editing an existing document file). Before you start
the validation, you just have to tell the system with which components (probe, medium, and device) you are
performing the validation; the system will take care of all parameters. After the validation, which will take
about 20 minutes, the results of each task are displayed in the document window. Selecting all measured
tasks and opening the predefined “validation” graphic format displays all necessary information for validation.
A description of the different measurement tasks in the predefined document is given below, together with
the information that can be deduced from their results:

» 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.

13.3 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 cDASY®6

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] ¢ | ¢ | Standard Uncertainty | 2 or

uncertainty Value Distribution (1g) | (10g) | £ %, (1g) |+ %, (10Q) | Vs
Measurement System
Probe calibration + 6.6 % Normal 1 1 1 |+ 66%[+ 6.6% o0
Axial isotropy + 4.7 % | Rectangular | V3 1 1 [£ 27%|x 27% 0
Hemispherical isotropy + 9.6 % | Rectangular | V3 0 0 |+ 00%[+ 0.0% 0
Boundary effects + 1.0 % | Rectangular | V3 1 1 [+ 06%|+ 06% 0
Probe linearity + 47 % | Rectangular [ V3 1 1 |+ 27%[+x 27%]| =
System detection limits + 1.0 % | Rectangular | 3 1 1 [+ 06%|+x 06% 0
Readout electronics + 0.3 % Normal 1 1 1 |+ 03%[+ 03% o0
Response time + 0.0 % | Rectangular | V3 | 1 1 |+ 00%|+ 00%]|
Integration time + 0.0 % | Rectangular | V3 1 1 [+ 00%|+ 0.0% 0
RF ambient conditions + 1.0 % | Rectangular | 3 1 1 [+ 06%|+ 06% 0
Probe positioner + 0.8 % | Rectangular [ V3 1 1 |+ 05%[+ 05%] =
Probe positioning + 6.7 % | Rectangular | V3 1 1 [+ 39%|+ 39% 0
Max. SAR evaluation + 2.0 % | Rectangular | V3 1 1 [+ 12%|+ 12% 0
Dipole Related
Dev. of exp. dipole + 55 % | Rectangular | V3 1 1 [+ 32%|+ 32% 0
Dipole Axis to Liquid Dist. + 2.0 % | Rectangular | V3 1 1 [£ 12%|+x 12% 0
Input power & SAR drift + 3.4 % | Rectangular | V3 1 1 [+ 20%|+ 20% 0
Phantom and Set-up
Phantom uncertainty + 4.0 % | Rectangular | V3 1 1 [+ 23%|+ 23% 0
SAR correction + 1.9 % | Rectangular | V3 1 [084]+ 11%[+ 09%]| =
Liquid conductivity (meas.) + 50 % Normal 11078]071|+ 39%|+ 3.6% 0
Liguid permittivity (meas.) + 50 % Normal 11026026 13%|x 13% ©
Temp. unc. - Conductivity + 1.7 % | Rectangular | V3 1078|071 [+ 08%|+ 07% 0
Temp. unc. - Permittivity + 0.3 % | Rectangular | V3 ]0.23]026[+ 00%|+ 0.0% 0
Combined Uncertainty + 10.7 %| + 106 % | 330
Expanded Std. £ 214%|+ 21.1%
Uncertainty

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

The RF ambient noise uncertainty has been reduced to +1.0, considering input power levels are = 250mW.
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cDASY 6 - Uncertainty Budget for System Validation
for the 0.3 - 6 GHz range

Source of Uncertainty | Probability |Divisor[ Ci ¢ | Standard Uncertainty | 2o

uncertainty Value Distribution (19) | (10g)| *%, (19) |+ %, (109)| Vex
Measurement System
Probe calibration + 6.6 % Normal 1 1 1 [+ 66%[+ 6.6% %0
Axial isotropy + 47 % | Rectangular | V3 1 1 |+ 27%[+ 27%]| =
Hemispherical isotropy + 9.6 % | Rectangular | V3 0 0 |+ 00%|+x 00% o0
Boundary effects + 10 % | Rectangular | V3 1 1 |+ 06%|+x 06% o0
Probe linearity + 47 % | Rectangular | V3 1 1 |2 27%|x 27 % o0
System detection limits + 10 % | Rectangular | V3 1 1 |+ 06%[+ 06%]| =«
Modulation Response + 0.0 % | Rectangular | V3 1 1 |+ 00%|x 0.0% o0
Readout electronics + 03 % Normal 1 1 1 [+ 03%[+ 03% %0
Response time + 0.0 % |Rectangular [ v3 | 1 1 |+ 00%|+ 00%]|
Integration time + 0.0 % | Rectangular | V3 1 1 |+ 00%|+x 0.0% o0
RF Ambient Noise + 10 % |Rectangular | v3 | 1 1 |+ 06%|+ 06%]|
RF Ambient Reflections + 10 % | Rectangular | V3 1 1 |+ 06%|+x 06% o0
Probe positioner + 0.04 % | Rectangular | V3 1 1 |+ 00%|+x 0.0% o0
Probe positioning + 0.8 % | Rectangular | V3 1 1 |+ 05%|+x 05% o0
Max. SAR evaluation + 0.0 % | Rectangular | V3 1 1 |+ 00%[+ 0.0% o0
Dipole Related
Dev. of exp. dipole + 55 % | Rectangular | V3 1 1 |+ 32%|x 32% o0
Dipole Axis to Liguid Dist. + 20 % | Rectangular | V3 1 1 |+ 12%|x 12% o0
Input power & SAR drift + 3.4 % | Rectangular | V3 1 1 |+ 20%|x 20% o0
Phantom and Set-up
Phantom uncertainty + 40 % | Rectangular | V3 1 1 [+ 23%[+ 23%]| =
SAR correction + 19 % Normal 1 1 084+ 19%|+x 16% %0
Liquid conductivity (meas.)°X + 25 % Normal 110781071+ 20%|x 1.8% 0
Liquid permittivity (meas.)°X + 25 % Normal 11023]026|+x 06%[+ 0.7% o0
Temp. unc. - Conductivity>" + 34 % |Rectangular | V3 [078[071 [+ 15%[+ 14%]| =
Temp. unc. - Permittivity®® + 0.4 % |Rectangular | V3 |023[026|+ 01%|+ 01%|
Combined Uncertainty t 95%|x 94 %
Expanded Std. Uncertainty + 19.0%|+ 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;
DAKif SPEAG’s high precision dielectric probe kit (DAK) is applied.

Page 76 of 79




Appendix no.: 1-7811-24-01-03_TR1-A201-R01 e

cetecom

advanced

Uncertainty Budget for System Validation
(Frequency band: 300MHz - 6GHz range) with DASY8 System

I Uncertainty | Probability | .. . Ci G Standard Uncertainty
Symbol Error Description S Divisor - -
Value Distribution (19) | (10g) | * %, (1g) |i %, (10g)
Measurement System Errors
CF Probe Calibration Repeat. + 13.1 % 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 [ vV 3 0 0 + 00%|+ 0.0%
BBS Broadband Signal + 0.0 %| Rectangular | ¥ 3 0 0 + 00%|+ 0.0%
ISO Probe Isotropy (axial) + 4.7 %/ Rectangular | vV 3 0 0 + 00%|+ 0.0%
DAE Data Acquisition + 0.3 % Normal 1 0 0 |+ 00%|+x 0.0%
AMB RF Ambient + 0.6 % Normal 1 0 0 |+ 00%|x 0.0%
Agys Probe Positioning + 05 % Normal 1 029|029 |+ 01% |+ 01%
DAT Data Processing + 0.0 % Normal 1 1 1 + 00%[|+ 0.0%
Phantom and Device Errors
LIQ(o) Conductivity (meag,)DAK + 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%|+ 0.0%
DIS Distance DUT - TSL + 13 % Normal 1 2 2 |+ 26%|x 26%
MOD DUT Modulationm + 0.0 %[ Rectangular | V3 1 1 + 00%|+ 0.0%
TAS Time-average SAR + 0.0 % | Rectangular | ¥ 3 1 1 |+ 00%[+ 0.0%
VAL Validation antenna + 3.2 % Normal 1 1 1 + 32%|x 32%
Pin Accepted power + 20 % Normal 1 1 1 + 20% |+ 20%
Correction to the SAR results
C(g, 0) [Deviation to Target + 19 % Normal 1 1 084+ 19% |+ 16%
u(ASAR) |[Combined Uncertainty + 10.8 % |+ 10.7 %
U Expanded Uncertainty + 217 % |+ 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;

DAK if SPEAG’s high precision dielectric probe kit (DAK) is applied.
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13.4 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 I = } } @
Att3
Att2 |;
® =
Attl

&) —=
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.

13.5 Laboratory reflection

In near-field situations, the absorption is predominantly caused by induction effects from the magnetic near-
field. The absorption from reflected fields in the laboratory is negligible. On the other hand, the magnetic field
around the dipole depends on the currents and therefore on the feed point impedance. The feed point
impedance of the dipole is mainly determined from the proximity of the absorbing phantom, but reflections in
the laboratory can change the impedance slightly. A 1% increase in the real part of the feed point impedance
will produce approximately a 1% decrease in the SAR for the same forward power. The possible influence of
laboratory reflections should be investigated during installation. The validation setup is suitable for this
check, since the validation is sensitive to laboratory reflections. The same tests can be performed with a
mobile phone, but most phones are less sensitive to reflections due to the shorter distance to the phantom.
The fastest way to check for reflection effects is to position the probe in the phantom above the feed point
and start a continuous field measurement in the DASY multi-meter window. Placing absorbers in front of
possible reflectors (e.g. on the ground near the dipole or in front of a metallic robot socket) will reveal their
influence immediately. A 10dB absorber (e.qg. ferrite tiles or flat absorber mats) is probably sufficient, as the
influence of the reflections is small anyway. If you place the absorber too near the dipole, the absorber itself
will interact with the reactive near-field. Instead of measuring the SAR, it is also possible to monitor the
dipole impedance with a network analyzer for reflection effects. The network analyzer must be calibrated at
the SMA connector and the electrical delay (two times the forward delay in the dipole document) must be set
in the NWA for comparisons with the reflection data in the dipole document. If the absorber has a significant
influence on the results, the absorber should be left in place for validation or measurements. The reference
data in the dipole document are produced in a low reflection environment.

13.6 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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